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1.0 INTRODUCTION

This Work Plan has been prepared under the Comprehensive Long -Term Environmental Action Navy

(CLEAN) Contract No. N62472-94-D-0888, Contract Task Order (CTO) 842. The statement of work

requIres Tetra Tech NUS, Inc. (TtNUS) to install monitoring wells and perform two rounds of groundwater

monitoring at the Former Melville North Landfill (the Site), Portsmouth, Rhode Island. This Work Plan

describes the procedures for performance of this effort.

1.1 OBJECTIVE

The objective of the groundwater monitoring effort is to evaluate groundwater quality at the Site following

the soil cleanup completed in 2000.

The Melville North Landfill Site is located in the Melville North area of Portsmouth along the shoreline of

Narragansett Bay (Figure 1-1). The site is situated in a low-lying wetland area between Defense

Highway and Narragansett Bay.

1.2 WORK PLAN FORMAT

The basic format of this Work Plan reflects that of similar documents provided for regulatory approval

under the CLEAN contract for the Newport Installation Restoration Program sites.

Section 1.0 of this Work Plan describes the project organization and communication pathways, personnel

responsibilities, and a process for revision to the Work Plan during field activities.

Section 2.0 of this Work Plan presents the project planning and project definitions. Within this section,

site histOry, site location and description is presented.

Section 3.0 presents a description of the data collection activities planned for this groundwater

investigation. This includes a rationale for placement of wells, description of well installation efforts, and

sampling and data acquisition procedures and analysis requirements.

Section 4.0 presents the Quality Assurance (QA) procedures to be utilized for this groundwater

investigation. This section includes the project quality objectives, project action limits, and measurement

performance criteria.
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Section 5.0 presents a general outline of the groundwater monitoring reports that will be generated

following completion of each field effort. Section 5.0 also provides a tentative schedule for completion of

work.

A Site Specific Health and Safety Plan (bound separately) will be used to provide procedures for safe

work procedures at the Site to be conducted under this work plan.

1.3 PROJECT ORGANIZATION AND RESPONSIBILITIES

TtNUS will be responsible for the overall management of the project, including the performance of field

activities presented in this Work Plan.

Navy personnel from the Environmental Field Activity Northeast (EFANE) will be responsible for

administrative and technical oversight of the program, and project management and coordination

between state and federal regulatory agencies, while the Navy personnel from the Naval Station Newport

(NSN) will be responsible for on-site coordination with TtNUS.

Key Navy personnel supporting this project are as follows:

Todd Bober, Technical Point of Contact

EFANE, Philadelphia, PA Phone: 610-595-0567

Dave Derocz, Facility Contact, NSN PWD - Environment

Building 1, NSN, Newport, R Phone: 401-841-6375

Key TtNUS personnel supporting this project are as follows:

Stephen Parker, Project Manager

TtNUS, Wilmington, MA Phone: (978) 658-7899

Kayleen Jalkut, Field Operations Leader

TtNUS, Wilmington, MA Phone: (978) 658-7899

FAX: 610-595-0555

FAX: 401-841-7071

FAX: (978) 658-7870

FAX: (978) 658-7870

Kelly Johnson-Carper, Lead Chemist, Program Quality Assurance Manager

TtNUS, Pittsburgh, PA Phone: (412) 921-7090 FAX: (412) 921-4040

W5203283F 1-3 CT0842



Matt Soltis, CLEAN Health and Safety Manager

TtNUS, Pittsburgh, PA Phone: (412) 921-7090 FAX: (412) 921-4040

The TtNUS Project Manager (PM) will have the primary responsibility for implementing and managing

the investigation. The TtNUS PM will also be responsible for notifying regulatory agencies of field

activities or schedule modifications.

The Field Operations Leader (FOL) will be responsible for directing on-site field activities and will report

directly to the PM The FOL will coordinate efforts of the field sampling staff, the subcontractors, and the

lead technical staff. The FOL will be responsible for identifying problem areas and bringing them to the

attention of the PM for resolution.

The Lead Chemist will advise the PM on technical requirements of the chemical data, prepare laboratory

specifications for analysis of samples collected, oversee the subcontracted analytical laboratories, and

review or oversee the validation of the analytical reports prepared.

The CLEAN Health and Safety Manager is responsible for reviewing health and safety plans for all

CLEAN operations, and performs site audits to ensure compliance with program and site health and

safety requirements.

The Quality Assurance Manager is responsible for QAlQC requirements for the TtNUS CLEAN program.

This individual reviews data and deliverable documents, and performs system audits to ensure contract

QAlQC goals are met.

1.4 CHANGES TO THE WORK PLAN

Work Plan development is performed in steps, with the Navy providing draft and final versions to

oversight parties to allow for comments and other input. However, during the project execution, it may

become necessary to modify the Work Plan after it is finalized. If the plan for collecting data needs to be

altered, the Work Plan may be amended through the use of a Request for Field Modification (RFM) form.

This form will be prepared by the TtNUS FOL and forwarded to the TtNUS PM. The PM will make a

recommendation to the Navy RPM, who will forward the RFM to NSN representatives, the landowner,

and to the regulatory oversight RPM. Time limits on acceptance of, or comment to, the field modification

requests will be stated.

When changes require immediate action, the proposed change will be implemented at the discretion of

the TtNUS project manager in order to avoid schedule delays, cost impacts, and/or subcontractor

W5203283F 1-4 CT0842



standby times. The Navy, landowner, and RIDEM will be notified through delivery of the RFM as

described above.

An example of the RFM form is presented in Appendix A.

1.5 SCHEDULE AND REGULATORY OVERSIGHT

A tentative schedule for field investigations is included in Section 5.0. This schedule will be updated as

necessary to inform oversight personnel when different tasks and activities are scheduled to occur. A

24-hour advance notification of changes in scheduled field activities will be given to the landowner and

RIDEM.

W5203283F 1-5 CT0842



2.0 BACKGROUND INFORMATION

This section presents the project planning effort and project definitions. Within this section, the site

location and description and site history are presented.

2.1 SITE LOCATION AND DESCRIPTION

NAVSTA Newport is located in the City of Newport, and Towns of Middletown and Portsmouth, Rhode

Island on the western shore of Aquidneck Island facing the east passage of Narragansett Bay

(Figure 1-1). The Melville North Landfill site is located in the northwest portion of NAVSTA Newport on

the shoreline of Narragansett Bay in the Town of Portsmouth. The site is approximately 1a acres in size

and was used as a landfill from World War II until 1955. The site was excessed to the State of Rhode

Island in September 1993, and was sold to Melville Marine Industries six months later.

Access to the Melville North Landfill site is gained from the east via Defense Highway. The site is

bounded to the west by Narragansett Bay, to the east by the Penn Central railroad tracks and Defense

Highway (also known as Burma Rd.), to the north by vegetated wetlands, and to the south by a wooded

upland area. The topography of the site is relatively flat with elevation drops between 5 and 1a feet along

the shoreline and an increase in elevation between 5 and 1a feet along Defense Highway.

The landfill reportedly received a variety of waste materials from World War II until 1955. These wastes

include spent acids, various waste oils, solvents, waste paints, and possibly polychlorinated biphenyls

(PCBs). Initial inspections of the site also revealed mounds of oil-soaked soil and surface areas that were

covered with oil and oil sludge. It was reported that the mounds of oil-soaked soil came from disposal of

the oil sludge material generated while cleaning fuel supply tanks at the nearby tank farms, or from

cleanup operations of various oil spills.

2.2 SITE HISTORY

The approximate 1a-acre site was used as a landfill for at least the period following World War II until

1955. The date the site first began as a landfill is unclear, but indications are that use began after the

war. Following its closure in 1954, wastes generated at the naval complex were disposed of at the

McAllister Point Landfill.

The Melville North Landfill received wastes similar to those disposed of in McAllister Point Landfill,

including spent acids, waste paints, solvents, waste oils (diesel, fuel, lube), and PCBs. The waste

quantity disposed of in the landfill is unknown. During visual inspection of the site, areas covered with oil

-
W5203283F 2-1 CT0842



and oil sludge were found to be scattered throughout the site. Mounds of oil-soaked soil appeared to

have been trucked to and deposited of at the Site. These oil-contaminated mounds could have been the

oil sludge materials obtained from the tank farms during tank cleaning operations, or the result of

cleanup operations following oil spills.

A series of removal actions have been conducted at the site. The first was performed in 1993 to remove

soil piles found to contam oil. These soils were removed from the Site and disposed of at a licensed

facility. The second removal action was conducted in 1996 to address additional soils with oil

contamination and elevated concentrations of metals. Following the second removal action, a Site

Investigation was conducted under RIDEM remediation regulations to, in part, determine a final remedy

for the Site.

A third removal action was carried out as a fmal remedy for the Site by Foster Wheeler Environmental

Corporation (FWENC) at the Site from April 15, 1999 to May 3, 2000. Soil excavation was conducted

within the excavation area identified on Figure 2-1. The limit of the excavation area was initially mapped

out by FWENC based on sample locations that exceeded the RIDEM RDEC and the RIDEM GB

Leachability Criteria as determined in the Site Investigation conducted by TtNUS. Field screening,

laboratory confirmation sampling, visual inspection, and the presence of large quantities of debris were

used during the soil excavation activities to delineate the vertical and horizontal limits of the excavation

area. A total of 73,001 cubic yards of soil and debris was removed by the beginning of 2000. An

additional 4000 tons of material was excavated from the southern part of the landfill, and this effort was

conducted in April 2000.

W5203283F 2-2 eTa 842
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3.0 SAMPLING AND ANALYSIS PLAN

This section presents a description of the data collection activities planned for this investigation. This

Section includes a rationale for field investigation design, description of field investigation efforts,

sampling and data acquisition procedures and requirements, and the analytical plan for the samples to

be collected.

3.1 WELL INSTALLATION

Three soil borings will be advanced by a drilling subcontractor using standard drive and wash dnlling

methods for installation of groundwater monitoring wells. Proposed approximate soil boring and

monitoring well locations are presented in Figure 3-1. Table 3-1 presents location-specific information

and the rationale for monitoring well locations.

Soil borings will be advanced to the required depth using minimum 4.0-inch inside diameter temporary

flush-joint steel casing. If visual or olfactory evidence is encountered during drilling that indicates

contaminant presence, soil samples will be collected for vae and TPH analysis as appropriate. Such

observations will be recorded on bonng logs and well construction logs provided in Appendix A. Soil

samples will be collected by driving split-barrel samples ahead of the drilling casing as it is advanced

through the overburden. The TtNUS field geologist will screen samples using an FlO to evaluate

presence of volatile contaminants.

Each soil boring will be completed as a monitoring well. Monitoring wells will feature a 2-inch 10 screen

set to intercept (monitor) the groundwater table with the top of the 10-foot screen set 2 to 3 feet above

the observed groundwater table elevation observed by the field engineer/geologist. Size of materials

used for filter pack and size of well screens will be selected to accommodate the soil conditions

encountered at well locations. The wells will be developed a minimum of 2 days after installation,

through pumping and surging, until the formation water is relatively free of fines. Readings of turbidity,

pH, temperature, and specific conductance will be monitored during the development process. Wells will

be developed until these parameters stabilize. Additional wells will be installed if indications of

contaminants are found below the targeted well screen interval.

3.2 GROUNDWATER SAMPLING

TtNUS will collect static water level measurements and groundwater samples from the proposed

monitoring wells. Groundwater samples will initially be collected in accordance with the procedure

W5203283F 3-1 CT0842
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TABLE 3-1

MONITORING WELL LOCATION/DEPTH RATIONALE
WORK PLAN FOR GROUNDWATER MONITORING

FORMER MELVILLE NORTH LANDFILL
NAVAL STATION NEWPORT, NEWPORT, RHODE ISLAND

Monitoring
Well No. Location/Depth Rationale

MW-PC01 Located on the north side of the Melville North Landfill between former monitoring
wells MW-12S, MW-11 Sand MW-1, this mOnitoring well will be placed at the location
of former high concentrations of TPH in soil, VOCs in soil gas, and sheens in water at
test pit TP12 prior to removal actions completed in 2000. This boring will be
advanced to a maximum depth of 25 feet below ground surface (bgs). The
anticipated depth to the water table in the area is estimated to be 5 to 8 feet bgs.

MW-PC02 Located in the central area of the Melville North Landfill near former monitoring wells
MW-3S and MW-3R, this monitoring well will be placed at the location of former high
concentrations of TPH in soil and VOCs and SVOCs in soil gas prior to removal
actions completed in 2000. This boring will be advanced to a maximum depth of 25
feet below ground surface (bgs). The anticipated depth to the water table in the area
is estimated to be 5 to 8 feet bgs.

MW-PC03 Located on the south side of the Melville North Landfill near the former MW-7
monitoring well cluster, this monitoring well will be placed at the location of former
high concentrations of TPH in soils and where sheens were evident in well purge
water prior to removal actions completed in 2000. This boring will be advanced to a
maximum depth of 25 feet below ground surface (bgs). The anticipated depth to the
water table in the area is estimated to be 5 to 8 feet bgs.
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outlined in EPA's Low Stress (low flow) Purging and Sampling Procedure for the Collection of

Groundwater Samples from Monitoring Wells (EPA SOP No. GW 001). Duplicate samples will then be

collected by purging and sampling with bailers as per RIDEM requirements. All samples will be shipped

to an off-site laboratory for analysis.

Work elements for the monitoring well sampling activity include the following:

• Prior to purging, the depth to groundwater (measured from the top of casing) and the bottom

depth of the monitoring well will be recorded to the nearest 0.01 foot using an oil-water interface

probe to determine if light non-aqueous-phase liquids (LNAPL) are present. The probe will be

decontaminated prior to use and between use in each well according to the procedures outlined

in Section 3.5. The presence of LNAPL and the depth to groundwater will be recorded on the

groundwater level measurement sheet (Appendix A). If any measurable NAPL is measured, the

geologist/engineer will contact the TtNUS Project Manager, who will notify the landowner and

RIDEM; and samples of the NAPL will be collected using bailers.

• Purge wells, using bailers and peristaltic pumps, and measure pH, ORP, temperature, specific

conductance, dissolved oxygen, turbidity, water level and pumping rate every 3 to 5 minutes (or

as appropriate) during extraction of water from the well. Purging will be considered complete

when pH, specific conductivity and turbidity parameters have stabilized (three consecutive

measurements within 10 percent). Instrument readings will be recorded on the sample log sheet

(Appendix A). If the monitoring well dewaters while pumping, the monitoring well will be allowed

to recharge, until a minimum of two casing volumes is purged prior to collecting samples;

• The pH, ORP, temperature, specific conductance, turbidity, and dissolved oxygen of each

sample will be measured in the field using a portable mUlti-parameter water quality meter. The

water sample will be dispensed directly into a dedicated sample container for the meter, and the

readings will be recorded on the sample log sheet.

The multi-parameter meter and dedicated sample container will be triple-rinsed with deionized water

after each use.

Groundwater samples will initially be collected using low flow methods and equipment. Following

completion of low flow sampling, wells will be re-purged and samples will be re-collected using bailers,

per RIDEM requirements.

Groundwater samples will be collected in order of decreasing volatility: VOCs, TPH, SVOCs,

pesticides/PCBs, and metals. The samples-will be preserved immediately after collection. For collection

of duplicate samples, one full set of sample containers for the original sample is filled, and then one full
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TABLE 3-2
SUMMARY OF SAMPLE AND ANALYSIS REQUIREMENTS - SPRING 2003

WORK PLAN FOR GROUNDWATER MONITORING
FORMER MELVILLE NORTH LANDFILL

NAVAL STATION NEWPORT, NEWPORT RHODE ISLAND

Number of SamplesSample
Analysis

Required Containers
Holding Times Preservative Field Field Rlnsate TnpMedia (1)

Blanks Blanks TOTALSamples Duplicates

14 Days
IHel to pH <2,

11
VOCs, Method 8260B 3 - 40 ml vial

cool to 4° c 6 2 2 1Groundwater
TPH, Method 8015B - 5ml of 1:1 HCL;

2 - 1 Liter Amber jar 14 Days
Cool to 4° c 6 2 2 0 10DRO/GRO

SVOCs, Method 8270 2 - 1 Liter Amber jar 7 Days Cool to 4° c
6 2 2 0 10

Metals (Total), Method 1 - 1 Liter
28 days HN03 to pH<2

2 2 0 106010 polyethylene 6
Pesticides/PCBs,

1 - 1 Liter Amber jar 14 Days Cool to 4° c 6 2 2 0 10Method 8080
Methanol, Cool to

* * *VOCs, Method 8260B 2 - 40 ml vials 14 Days * *4° cSoil

TPH, Method MADEP
Cool to 4° c * * * *8 oz. Amber jar 14 Days *EPH by GC/FID

11) _ Minimum volume required for analysis, each sample

(0) _ Soil samples to be collected jf conditions indicate contaminants present (see text)



set of duplicate sample containers is filled. Samples will then be documented, packaged and shipped to

the laboratory for chemical analysis.

Groundwater samples will be analyzed for VOCs (Method 8260B), TPH (Method 8015B -ORO/GRO),

SVOCs (Method 8270), pesticides/PCBs (Method 8080), and total metals (Method 6010). Table 3-2

specifies groundwater analytical methods and the anticipated sample and quality control samples

estimated for collection and analysis. This table also presents maximum sample holding times, and

sample container and preservation requirements. Purge water and decontamination water will be

managed as discussed in Section 3.3.

Following completion of the well installations, a survey will be performed by TtNUS personnel, using

established control points, to locate the three sampling locations (wells). TtNUS will determine horizontal

sample locations by GPS survey.

3.3 INVESTIGATION-DERIVED WASTE (lOW) MANAGEMENT

Any drill/purge water and well development water generated will require containerization as lOW in 55

gallon drums (and stored in a central area at the site). If conditions require it, a licensed disposal

subcontractor will conduct lOW removal and disposal. If contaminants are not present at levels requiring

offsite disposal, this material will be returned to the ground at the site.

3.4 WELL ABANDONMENT/REMOVAL

After completion of the groundwater investigation program, all monitoring wells installed as part of this

effort will be abandoned and removed in their entirety.

Wells shall be abandoned/removed by removing the protective casing and then overdrilling the entire

depth of the well using a solid stem auger larger than the outside diameter of the borehole (anticipated to

be 4 inches). The overdrilled hole will be backfilled with a bentonite-soil mix. Following overdrilling, all

excess materials will be removed from the site.

3.5 DECONTAMINATION

This section provides guidelines for decontamination of equipment used during the field investigation.

Personnel decontamination issues will be discussed in the site-specific HASP.
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3.5.1 Decontamination During Drilling

Equipment used by the drilling subcontractor(s) shall be decontaminated prior to use at the Site, between

work locations and prior to leaving Site. Decontamination of equipment will be performed using a

high-pressure steam wash. The drilling subcontractor(s) will be responsible for designing and locating

the decontamination pads that will be used to decontaminate their equipment.

Decontamination of the drilling apparatus will be performed using a high-pressure steam wash. The

drilling specification will require the drilling subcontractor to have sufficient downhole equipment

available so as not to impede progress of work. All downhole drilling, sampling. and testing equipment

for the HSA drilling rig and the back end of the rig must be steam cleaned prior to beginning drilling,

between boring locations, and any time the rig leaves the drill site prior to finishing a boring and at the

conclusion of the drilling program.

3.5.2 Decontamination Procedures During Groundwater Sampling

All non-disposable sampling and testing equipment that comes in contact with the sample medium will be

decontaminated to prevent cross-contamination between sampling points. as described below:

3.5.3

1.

2.

3.

4.

5.

6.

7.

8.

Brush to remove gross contamination

Potable water and detergent (Alconox or Liquinox) wash and scrub with brush

Rinse with potable water

Rinse with distilled water (analyte free)

Rinse with 2-propanol

Rinse with de-ionized water

Air dry on aluminum foil or in a strainer

Wrap in aluminum foil, shiny side out for transport (or if not being used immediately)

Groundwater Pumps

Peristaltic pumps will be used to obtain samples from the monitoring wells installed at the Site.

Peristaltic pumps do not require decontamination procedures. since the tubing which contacts the

groundwater is changed for each well to be sampled.
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3.5.4 Instrument and Meter Decontamination

Water level meters and oil-water interface probes will be decontaminated using the following steps:

1. Rinse with potable water

2. Rinse with 2-propanol

3. Rinse with deionized water
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4.0 QUALITY ASSURANCE PROJECT PLAN

This QAlQC section includes information on· project quality objectives, project action limits, measurement

performance critena, sample collection documentation requirements, the sample identification system,

sample handling and custody procedures, analytical method requirements, sampling and analytical

quality control requirements, analytical documentation and data management, data validation and

verification requirements and procedures, and QA assessment and management efforts.

Achieving the stUdy objectives for this RI requires that the data collected from the field conform to an

appropriate level of quality, adequate to be used for baseline risk assessments. The quality of a data set

is measured by certain characteristics of the data, which are described in this section.

4.1 PROBLEM DEFINITION/BACKGROUND

As stated in Section 1.0, the purpose of this groundwater investigation is to make a determination of any

presence and nature of oil and hazardous materials in groundwater at the Former Melville North Landfill

Site following soil and waste removal actions conducted in 1999 and 2000. Sample analytical results will

be compared to RIDEM GB groundwater objectives (RIDEM DSR-01-83, [as amended 1996,] Section

8 03, Table 4), which is consistent with the data evaluations conducted for the site investigation (TtNUS,

1997). Exceedance of these standards may indicate continued presence of contaminants that may

require additional evaluation and/or removals in the future.

4.1.1 Data Quality Objectives and Criteria for Measurement Data

DQO development focuses on identifying the end use of the data to be collected and on determining the

degree of certainty with respect to precision, accuracy, representativeness, completeness, and

comparability necessary to satisfy the intended use of the data. The data to be collected in this

investigation will be used to determine the presence of contaminants exceeding RIDEM GB standards.

This information may also be used for decision-making related to future site development.

4.1.2 Special Traininq Requirements/Certification

To comply with the OSHA requirements, all TtNUS employees and subcontractors working on site in

hazardous waste site investigations will receive the 40-hour health and safety training course prior to

beginning work on the Site. Supervisory personnel are required to receive the 8-hour supervisor training.
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All field team members will review the associated work plan, this Work Plan; the HASP identified in

Section 1.0 of this document, and all applicable SOPs. In addition, a field orientation meeting will be held

with the Project Manager, the Lead Chemist, and the Office Health and Safety Manager prior to initiating

the sampling event to familiarize field team members with the scope of the field activities.

Project team personnel are trained in the specific procedures to be followed during the execution of the

work, including but not limited to project QAlQC requirements, soil and groundwater sampling, chain-of

custody procedures, document control, test and inspection methods, calibration, and in particular, the

general provisions of this work plan and its supporting procedures and guidelines.

4.1.3 Documentation and Records

Documentation to be used in the field investigation is described below.

4.1.3.1 Site Log Book

A bound site logbook (notebook) will be maintained by the FOL. The FOL or designee will record all

information related to sampling or field activities. This information will include sample time, weather

conditions, unusual events, field measurements, and descriptions of photographs, etc. Additional field

logbooks (notebooks) will be used to cover specific tasks, Le. drilling rig logbooks; however, the site

logbook will contain a summary of each days activities, and will reference the other field notebooks and

field forms when applicable. The requirements of the site logbook are outlined in TtNUS SOP SA-6.3.

4.1.3.2 Sample Log Sheets

The field team will complete sample log sheets for the soil and aqueous samples collected. The sample

log sheet forms contain information about sample location, date, and time of the sample collection, as

well as a sample description, analysis, and sample container lot number. Sample logsheet forms are

included in Appendix A.

4.1.3.3 Packing ListlChain-Of-Custody Record and Custody Seal

The original packing Iistlchain-of-custody record is enclosed in plastic and secured to the inside lid of the

sample cooler for shipment to the laboratory. If multiple coolers are required to ship a single set of

samples, the chain-of-custody form will be included in the cooler labeled "cooler #1 of X" a copy of the

chain of custody form is retained for the project files. Signed and dated custody seals are placed across
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the cooler openings. Copies of the chain of custody forms and the custody seals are contained in

Appendix A.

The laboratory custodian receiving the samples signs and dates the chain-of-custody records to

acknowledge receipt of the samples. The laboratory is then responsible for maintaining sample custody

records and returning the original chain-of-custody form wIth the data analysis results.

4.1.3.4 Additional Field Forms

Additional field forms will be used, including field instrument calibration logs, boring logs, well construction

logs, liquid phase data sheets, and head space screening logs (see Appendix A).

4.2 MEASUREMENT/DATA ACQUISITION

This section describes the sampling methods, handling, analytical requirements and methods, and

QA/QC requirements for this project. In addition, information about the instrumentation type,

maintenance, calibration. and data management is also described.

4.2.1 Samplinq Methods Requirements

Groundwater sample collection. including sampling methods and equipment decontamination procedures.

are discussed in Section 3.0. These methods are presented to comply with procedures for groundwater

testmg as described in the RIDEM regulations. including. but not limited to RIDEM Remediation

Regulations (1993) and Rules and Regulations for Groundwater Quality (1993).

4.2.2 Sample Handlinq and Custody Requirements

Custody of samples will be maintained at all times and documented in the chain-of-custody forms. Chain

of custody begins at the time the sample is collected and is maintained by storing the samples on ice in

coolers that are locked or are sealed with a custody seal. The chain-of-custody forms are shipped to the

laboratory with the samples. Each sample collected will be assigned a unique sampling tracking number.

The sample location identification system is based on TtNUS SOP CT-04. The preferred sample location

tracking number will consist of a four- to five-segment, alphanumeric code that identifies the site, sample

medium and location. The sample containers, preservatives. and the maximum allowable sample holding

times before sample extraction. digestion, or analysis are presented in Table 3-2.
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4.2.3 Analytical Methods Requirements

A summary of laboratory analytical methods is presented in Table 3-2. These methods are selected

based on the best industry practices and for compliance with RIDEM remediation regulations. In addition,

TtNUS will collect pH, ORP/Eh, temperature, specific conductance, dissolved oxygen and turbidity field

measurements during groundwater sample collection as described in Section 3.0.

The TtNUS technical specifications for laboratory analysis contain the method of analysis (as presented

in Table 3-2 and 3-3), instrumentation, detection limits, QC criteria, corrective action measures, sampling

schedules, sample numbers, communication contact, and delivery requirements for analytical services.

4.2.4 Quality Control Requirements

The quality control procedures refer to both field and laboratory control operations. The results from

analysis of field and laboratory QC samples are used to document data quality and to control the data

acceptance within previously established check limits in order to meet the DQO requirements for the

project. Laboratory quality control criteria requirements will include laboratory blank acceptance,

instrument calibration, initial and continuing calibration, instrument performance check, reagent

standardization checks, laboratory precision requirements, and other analytical method-compliant QC

results.

4.2.4.1 Standard Operating Procedures

This section describes the applicable TtNUS and U.S. EPA Region I SOPs to be utilized under this SAP.

While EPA SOPs do not directly apply, these procedures are recognized as a best practice for collection

of environmental groundwater samples.

TtNUS SOPs:

CT-05 - Database Records and Quality Assurance;

SA-1.1 - Groundwater Sample Acquisition and Onsite Water Quality Testing;

SA-6.1 - Non-Radiological Sample Handling;

SA-6.3 - Field Documentation; and

SA-7.1 - Decontamination of Field Equipment and Waste Handling.

RIDEM Procedures:

RI12-100-006 - Required Monitoring Well Construction Standards and

Abandonment Procedures.
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EPA SOPS:

GW # 001 - Revision 2, Low Stress (low flow) Purging and Sampling Procedure for the

Collection of Groundwater Samples from Monitoring Wells.

4.2.4.2 Field Quality Control

In addition to periodic calibration of field equipment and appropriate documentation, quality control

samples will be collected or generated during sampling activities. Quality control samples include field

duplicates and blanks. Each type of field quality control sample is defined below.

Rinsate Blank: Rinsate blanks are obtained under representative field conditions by running analyte-free

deionized water through sample collection equipment after decontamination and placing it in the

appropriate sample containers for analysis. Sample preservatives must be added to the rinsate blanks.

These samples are used to assess the effectiveness of decontamination procedures. Only one rinsate

blanks will be required since fewer than ten samples will be collected.

Trip Blanks: Trip blanks are prepared in the laboratory (or in the field, in an area outside the zone of

contamination) prior to the sampling event. Sample preservatives are used when required for the specific

analysis. Trip blanks are packaged and shipped with the field samples. The results obtained from trip

blank analysis are used to assess cross contamination during sample transport and storage. For this

project, one vac trip blank will be required.

Field Duplicates: Field duplicates are typically submitted at the rate of one for every 10 samples per

matrix. Field duplicates are collected as collocated samples. Collocated samples are collected by filling

water sample containers one after the other, rather than by mixing a sample and then dividing it Into two

containers. Field duplicates provide precision information regarding homogeneity and distribution of the

contaminants; they measure the bias of sub-sampling. For this project, one field duplicate will be

collected and submitted since fewer than ten samples will be collected.

4.2.5 Instrument/Equipment Testinq. Inspection, and Maintenance Requirements

Maintenance and calibration is the process of providing the degree of care necessary to obtain high·

quality production, ensuring the optimum useful life of fieldwork equipment. The process includes

determining of the need for and performing preventative maintenance and rehabilitation.

Equipment, instruments, gauges, and other items requiring preventive maintenance will be serviced in

accordance with the manufacturer's specified recommendations. The manufacturer's procedures identify
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the schedule for servicing cntical items in order to ensure proper operations and to maximize the

measurement system usability.

When equipment and instruments are in use in the field or at sites, routme maintenance may be required.

Experienced field personnel will perform routine maintenance or service in accordance with the

manufacturer's instructions. If the equipment or instrument cannot be serviced in the field, then these

items must be returned to the manufacturer or their representative for proper service.

4.2.6 Instrument Calibration and Frequency

The equipment used for data collection, laboratory analysis, and health and safety monitoring is

calibrated and maintained according to the manufacturer's instructions.

Monitoring instruments that will be used during the field investigation activities are listed below. The

following instruments will be calibrated prior to daily use; calibration will be checked at the end of the day:

• Photoionization detector (PID);

• YSI 6820 Multi parameter meter, including:

• Temperature;

• Specific Conductivity;

• ORP/EH;

• Dissolved Oxygen; and

• Turbidity Meter

During calibration, an appropriate maintenance check will be performed on each piece of equipment. If

damaged or failed parts are identified during the daily maintenance check and it is determined that the

damage could have an impact on the instrument's performance, the instrument will be removed from

service until the identified parts are repaired or replaced.

Calibration is documented on an Equipment Calibration Log sheet, which is presented in Appendix A.

4.2.7 Inspection/Acceptance Requirements for Supplies and Consumables

Supplies and consumables will meet the requirements of the specific task. The TtNUS Equipment

Manager and the FOL perform the inspection of consumables and supplies for use in the project.
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The TtNUS Quality Assurance Manual and the TtNUS Procurement Policies will be applied for procuring,

Inspecting, and accepting procured supplies and consumables. The Equipment Manager is responsible

for inspecting all instrumentation received for NAVY support activities.

4.2.8 Data Management

Chemical/analytical data generated during the study will be reduced to a concise form. The analytical

results provided by the laboratory will be reduced using an existing computer program developed by

TtNUS specifically for chemical databases. The computer operator checks the data entered into the

program and the printouts are checked against the original laboratory sheets by a chemist.

After the data is converted to M.icrosoft Access format, the data will be checked against the chain of

custody for consistency; corrections will be made as necessary. Analytical parameter names will be

checked against an existing library table. Laboratory QC sample results will be sequestered in a separate

table.

Draft data summary tables will be printed. During data validation, the summary tables will be marked up

to include data qualifiers, corrections, or other appropriate edits or notations. The marked-up summary

tables will be used to edit the database. Final data summary validation tables will be printed for inclusion

in the groundwater investigation report. Laboratory data reports will be appended to the groundwater

investigation report.
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5.0 REPORTING

Following the completion of the field sampling and analytical work described in Sections 3 and 4 of this

Work Plan, the results will be described in the form of a letter report that will describe:

• Well installation and sampling efforts;

• Observations and data collected during field activities;

• Results from sample analysis;

• Qualifications (if any) from the data review.

The report will be provided following completion of the spring sampling effort discussion of data with the

Navy, the landowner, and RIDEM. Data will initially be compared to RIDEM GB groundwater standards

as is consistent with the SI conducted in 1997. In addition, the Navy will discuss with RIDEM other risk

based criteria (human health and ecological) that may be appropriate for data comparison.

5.1 SCHEDULE

The following table presents a list of actual and projected completion dates for activities associated with

the implementation of this work plan.

Task Date

Submit Work Plan to RIDEM (Actual) 3/24/03

RIDEM Review (Actual) 3/24/03 -5/8/03

Final Work Plan (Actual) 5/8/03 - 5/30/03

Complete Access Agreement (Projected) 6/6/03,

Well Installation (Projected) 6/16/03 - 6/20/03

Groundwater Sampling (Projected) 6/23/03 - 6/27/03

Groundwater Sampling Report (Projected) 7/31/03
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APPENDIX A
FIELD DOCUMENTATIONS FORMS



("It) TETRA TECH NUS INC. FIELD MODIFICATION RECORD

Location:

Site Name: _

Project Number: _

To: _

Location: _

Task Assignment: _

Date: ___

Description: _

Reason for Change: ___

Recommended Action: _

Field Operations Leader (Signature): _

Disposition!Action:

Project Manager (Signature):

Date:

Date:

Distribution: Program Manager:

Project Manager:

Quality Assurance Officer:

Field Operations Leader:

Project File:

Tt NUS Form 0003

Others as Required:

-_.-.-----------



PROJECT NAME: _

TETRA TECH NUS, INC.

RIG NUMBER &TYPE _

PROJECT NUMBER: _

LOCATION: _

DATE: _

INSPECTED BY: _

ITEM " COMMENTS

1 Number of Emergency shutdown switches__
Ali personnel knowledgeable of their location (s). -
Switches have been tested prior to commencement of drilling operations

2 Steel cables are not frayed
•

·3
Ropes are not frayed

4 Hydraulic fluids, and lubricants are not leasking

5 Equipment with proper guards in place (chains to cecure high-power air
lines in the event of a break)

6 Use of improper tools, pins, or other devices in poor condition

7 Using worn air or hydraulic lines

8 Cleaning-up the work site

9 Storing fuels or other fluids in proper containers --- - - . -- -,~ - - -..
-

10 Hard hats, safety eyewear, steel toe/shank boots, hearing protection,
Gloves, tyvek worn by driller/helper

11 Proper protection equipment required by the Health & Safety Plan

12 Decontamination Equipment

13 Vehicle warning alarms (horn, mast, and back-up alarms)

14 Fire extinguishers; fully charged and accessible

15 Electrical wiring and switches

16 Documentation of each driller's compliance with OSHA Health & Safety
Training requirements

TtNUS Form 0056

The FOL and SSO can request demonstration that the equipment is functioning properly.



["'Ih] TETRA TECH NUS. INC. FIELD INSTRUMENT CALIBRATION LOG

INSTRUMENT NAME: MODEL No.:

SERIAL No.: DECAL No.: I TETRA TECH NUS CHARGE No.
~ ,- ~

CALIBRATION INITIAL READING PROCEDURE FINAL READING SIGNATURE COMMENTS
DATE

.

,

TtNUS Form 0097



BORING LOG FOR:

PROJECT NO.

LOGGED BY:

DRILLED BY (Company/Driller):
GRD. SURFACE ELEVATION: --------------

TRANSCRIBED BY:

ELEVATION FROM:

BORING NO.:

START DATE:

COMPLETION' DATE.

MON. WELL NO.:

CHECKED BY:

"..~. .. .~ To ~ .... '-"G W ~" ~jIo"""",, >on.... ......'C;.l$'~or.:'_ - - "
..~ .._'ft~

~. .... ..... " ... ~ I' ,.~

DEPTH BLOWS SAMP SAMPLING DEPTH SOIL USCS REMARKS FIELD
(FEET) PER REC. TIME MAT'L DENSITYI MATERIAL or (moisture condition, edorn; SCREENING

6" I & CHGJ CONSIS. CLASSIFICATION ROCK geological classification, DATA
SAMP SAMPLE NO WELL or ROCK CLR BRKN rock weathering, etc) METHOD-
LENG (ONOC STATUS) PROF'L HARD rFlO, (PPM) 1

TYPE OF DRILLING RIG Telra Tech NUS, Inc.

METHOD OF ADVANCING BORING'

@METHOD OF SOIL SAMPLING

METHOD OF ROCK CORING.

GROUNDWATER LEVELS:

OTHER OBSERVATIONS I BORINGNO PAGE OF

Ttnus Fonn 0018



(-rt;) TETRA TECH NUS, INC. JAR HEADSPACE ANALYSIS LOG

E NAME:

SITE LOCATION:

PROJECT NO./CTO NO.:

SAMPLE LOCATION:

INSTRUMENT:

SERIAL NO.:

MODEL NO.:

SAMPLE PREP METHOD'

HEADSPACE ANALVST:

DATE:

SAMPLE TYPE2/NUMBER SAMPLE DEPTH (FEET) READING (ppm) COMMENTS

•

Tt Form 0008

1) (a) ambient temp
(h) heated (air)
(w) hot water bath

2) Type of Sample
SB Soil Bonng
SO Sediment Sample

GW Groundwater Sample
TP Test Pit Sample

SS Soil Sample



OVERBURDEN MONITORING WELL CONSTRUCTION LOG TETRA TECH NUS, INC.

PAGE: 1 OF 1

PROJECT NAME: PROJECT NO: 1

PROJECT LOCATION: WELL NO: --- _

CLIENT: BORING NO: 1

CONTRACTOR: DRILLER' BORING LOCATION:

LOGGED BY: DATE: _

CHECKED BY: DATE: _

ELEVATION TOP OF PROTECTIVE
CASING:..-- _

ELEVATION TOP OF
RISER PIPI;.E _

r---,."--- LENGTH OF PROTECTIVE CASING ABOVE
GROUND SURFACE (Ft.)

,...-!+- LENGTH OF RISER PIPE ABOVE GROUND
SURFACE (Ft.)

.........Iti--- TYPE OF BACKFILL AROUND RISER PIPE _

DEPTH TOP OF SEAL (Ft.)

TYPE OF SEAL

DEPTH BOnOM OF SEAL (Ft.)

1-=....-+--- DEPTH TOP OF PERVIOUS SECTION (Ft.) _

14--- DIAMETER OF BOREHOLE (In.)

.+-+--- TYPE OF PERVIOUS SECTION

.-1-----+--- TYPE OF OPENINGS

.+-+--- PERVIOUS SECTION (In.) 1.0.: 0.0.: _

.......-- TYPE OF FILTER PACK AROUND
PERVIOUS SECTION

&=....-+-- DEPTH BOTTOM OF PERVIOUS SECTION (Ft.)

~I---- TYPE OF SURFACE SEAL

DIA. SURFACE SEAL BGS (In.)

~I+---DEPTH TO BOTTOM OF SURFACE SEAL (Ft.)

.....t--- 1.0. OF PROTECTIVE CASING (In.)

.....t--- TYPE OF PROTECTIVE CASING

....t--- DEPTH BOTTOM OF PROTECTIVE CASING (Ft.) 1

~-++-- DEPTH BOnOM OF DRAIN LAYER (Ft.)

~.lIf---RISER PIPE (In.) 1.0.: 0.0.: _

......+--- TYPE OF RISER PIPE

SAND DRAIN LAYER

GROUND
ELEVATION

END OF BORING--.L-__.Joit--_ DEPTH BOnOM OF FILTER PACK (Ft.)

GENERAL NOTE'

1. Entry of 0.00 for Ground Elevation. Eley. Top of Riser Pipe & Eley. Top of ProtectiYe Casing
Indicates that Surve)ed Ground Elevation Not Available
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~ TETRA TECH NUS, INC. WELL DEVELOPMENT DATA SHEET Well No.:

PROJECT: DATE:

PROJECT NO.: WEATHER:

PERSONNa:

Well Screen Depth: / ft. bgs Pump Type/Material: Total Purge Volume = (gal)

H&S Monitoring Instrument Reading Pump Intake Depth: Data Recorded By:

Time Water Level Volume Row Rate Temp pH Sp Cond DO Turbidity Comments
ft below top PVC mL mUmin °c mS/cm mg/L NTU

-

-
Tt NUS Form 0013 Page_ of__



(11;) TETRA TECH NUS, INC. SAMPLE LOG SHEET - uLOW FLOW" GROUNDWATER

Site Name: Tetra Tech NUS Job No./PMS
Sample 10: OC: (If applicable)

Sample Method: H&S Survey Meter PPM Field Instrument Group AIBICID
Depth Sampled: Feet Screened Interval Depth feet Pre-pump insertion WL ft Post· pump insertion WL __ft
Sample Date & Time: __1__ I__ hours IDup
Sampler(s):
Data Recorded By: Signature: Analysis Bottle Lot# Analysis Bottle Lot # Analysis Bottle Lot #
Notes:

Clock Time Water Depth Pump Dial 1 Purge Rate Cum. Volume Temp Spec. Condo 2 pH ORP/Eh3 DO Turbidity Comments
24hr below MP ml/min Purged °c uS/cm mv mg/L NTU

ft liters

1. Pump dial setting (for example: hertz, cycle/min, etc.)

2. Siemens per cm (same as umhos/cm) at 25 °C.
3. Oxidation reduction potential (stand in for Eh).

Tt NUS Form 0009



(11;) TETRA TECH NUS, INC. SAMPLE LOG SHEET - "LOW FLOW" GROUNDWATER

Site Name: Tetra Tech NUS Job No./PMS
Sample 10: QC: (If applicable)

Clock Time Water Depth Pump Dial 1 Purge Rate Cum. Volume Temp Spec. Condo 2 pH ORP/Eh3 DO Turbidity Comments
24hr below MP mllmin Purged °c uS/cm mv mglL NTU

ft liters

~

1. Pump dial setting (for example: hertz, cycle/min, etc.)
2. Siemens per cm (same as umhos/cm) at 25 °C.
3. Oxidation reduction potential (stand in for Eh).
Tt NUS Form 0009



(11:;) TETRA TECH NUS. INC, YSI 6820 MULTIPARAMETER METER

Serial No.: Model No.: Decal No.:

Site Name: Job No.:

Instrument is calibrated in accordance with Manufacturer's Instructions

DATE' Pre Calibration Readings Post Calibration Readings PM Check Calibration STOs (lot #'s) Signature Remarks
Cond mS/cm

pH=40

pH=70

pH = 10.0

0.0. mg/I

REDOX mV

Turbidity 0 NTUs

Turbidity 100 NTUs

Temp ·c

Salinity 0/00

DATE:

Cond. mS/cm

pH -4.0

pH=7.0
I-

pH=10.0

0.0. mgll

REDOX mV

Turbidity 0 NTUs

Turbidity 100 NTUs

Temp ·c

Salinity 0/00

Tt NUS Form 0024



@ RA TECH NUS, INC. SA PLE COLLECTION SUMMARY RECORD

PROJECT NAME: TETRA TECH NUS JOB NO./PMS:

SAMPLING EVENT: CASE NO.: DAS NO.:

DATE TIME SAMPLE LOCATION FIELD ac COMMENTS

r

.

Tt NUS Form 0012



("11:)TETRA TECH NUS. INC.

Site Name:

Project Number:

Personnel:

Date:

GROUNDWATER LEVEL MEASUREMENT SHEET

SITE INFORMATION

Municipality: _

County:

State:

Street or Map Location:

(If Off-Site):

Temperature Range:

Precipitation:

Barometric Pressure:

Tidally-Influenced 1 Yes

WEATHER CONDITIONS AND EQUIPMENT

Equipment No.:

Equipment Number:

Latest Calibration Date: _

[ 1 No

Well or Daterrime Elevation of Water Level Adjusted Depth Groundwater
Piezometer Reference Point Indicator (Feet)· Elevation (Feet)·

Number (Feet)· Reading (Feet)·

-

Tt NUS Form 0010
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This procedure provides general guidance and information pertaining to proper monitoring well design,
installation, and development.

2.0 SCOPE

This procedure is applicable to the construction of monitoring wells. The methods described herein may
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory
agencies have specific regulations pertaining to monitoring well construction and permitting. These
requirements must be determined during the project planning phases of the investigation, and any
required permits must be obtained before field work begins. Innovative monitoring well installation
techniques, which typically are not used, will be discussed only generally in this procedure.

3.0 GLOSSARY

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring
wells may be constructed as open boreholes.

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may
range in size from 1/2-inch-diameter plastic tubes to well points or monitoring wells. '

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to
the screened aquifer.

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection
and recovery, as piezometers (Le., to measure water levels) or to provide groundwater samples for water
quality data.

4.0 RESPONSIBILITIES

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an
xperienced and efficient labor force capable of performing all phases of proper monitoring well

installation and construction. The driller may also be responsible for obtaining, in advance, any required
permits for monitoring well installation and construction.

Field Geologist - The field geologist supervises and documents well installation and construction
performed by the driller, and insures that well construction is adequate to provide representative
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable
trained personnel may also serve in this capacity.

0196111P Tetra Tech NUS, Inc.
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Below is a list of items that may be needed when installing a monitoring well or piezometer:

• Health and safety equipment as required by the Site Safety Officer.

• Well drilling and installation equipment with associated materials (typically supplied by the driller).

• Hydrogeologic equipment (weighted engineer's tape, water level indicator. retractable engineers rule,
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities. paint and ink
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook).

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pip
wrenches, drive points, riser pipe, and end caps).

5.2 Well Design

The objectives and intended use for each monitoring well must be clearly defined before the monitoring
system is designed. Within the monitoring system, different monitoring wells may serve different
purposes and, therefore, require different types of construction. During all phases of the well design,
attention must be given to clearly documenting the basis for design decisions, the details of well
construction, and the materials used. The objectives for installing the monitoring wells may include:

• Determining groundwater flow directions and velocities.
• Sampling or monitoring for trace contaminants.
• Determining aquifer characteristics (e.g., hydraulic conductivity).

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow
direction. In most cases, groundwater flow directions and potential well locations can be determined by
an experienced hydrogeologist through the review of geologic data and the site terrain. In addition, data
from production wells or other monitoring wells in the area may be used to 'determine the groundwater
flow direction. If these methods cannot be used. piezometers, which are relatively inexpensive to install,
may have to be installed in a preliminary investigative phase to determine groundwater flow direction.

5.2.1 Well Depth, Diameter, and Monitored Interval

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of each
investigation. Specification of these items generally depends on the purpose of the monitoring system
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter,
and monitored interval can be employed in the same groundwater monitoring system. For instance,
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine
'the vertical gradient and the depths at which contaminants are present Conversely, a fully penetrating
well is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples
collected in wells that are screened over the full thickness of the water-bearing zone will be representative
of average conditions across the entire monitored interval. However, fully penetrating wells can be used
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends
upon the hydraulic characteristics of the water-bearing zone, sampling reqUirements. drilling method and
cost.

019611/P Tetra Tech NUS, Inc.
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The decision concerning the monitored interval and well depth is based on the following (and possibly
other) information:

• The vertical location of the contaminant source in relation to the water-bearing zone.

• The depth, thickness and uniformity of the water-bearing zone.

• The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the
contaminant plume.

• Fluctuation in groundwater levels (due to pumping, tidal Influences, or natural recharge/discharge
events).

• The presence and location of contaminants encountered during drilling.

• Whether the purpose of the installation is for determining existence or non-existence of contamination
or if a particular stratigraphic zone is being investigated.

• The analysis of borehole geophysical logs.

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are
usually required where flow lines are not horizontal, (Le., if the wells are to be used for accurate
measurement of the potentiometric head at a specific point).

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on
the application. In determining well diameter, the follOWing needs must be considered:

• Adequate water volume for sampling.
• Drilling methodology.
• Type of sampling device to be used.
• Costs.

Standard monitoring well diameters are 2, 4,6, or 8 inches. Drive points are typically 1-1/4 or 2 inches in
diameter. For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume
of stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling
devices that can be used are limited.

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water
may be required for a single sample to account for full organic and inorganic analyses, and split samples),
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water
contained within a monitoring well is dependent on the well diameter as follows:

0196111P

Casing Inside
Diameter (Inch)

2
4
6

Standing Water length to Obtain
1 Gallon Water (Feet)

6.13
1.53
0.68

Tetra Tech NUS, Inc.
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If a well recharges quickly after purging, then well diameter may not be an important factor regarding
sample volume requirements.

Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during
drilling or after well installation is completed.

5.2.2 Riser Pipe and Screen Materials

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an
additional specification of slot size. Thickness of pipe is referred to as "Schedule" for polyvinyl chloride
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often
referred to as "Strength". Standard Strength is usually adequate for monitoring well purposes. With
larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The required
thickness is also dependent on the method of installation; risers for drive points require greater strength
than wells installed inside drilled borings.

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface
materials the well penetrates, the type of contamination expected, and natural water quality and depth.
Cost and the level of accuracy required are also important. The materials generally available are Teflon,
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B.
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity
for water contamination due to well materials. PVC has many advantages, including low cost, excellent
availability, light weight, ease of manipUlation, and widespread acceptance. The crushing strength of PVC
may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an
important factor when considering the size of bailers or pumps required for sampling or testing. Due to
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch 1.0.

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode
and release metal ions or chemically react with organic constituents, but this is considered a minor issue.
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating.

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC
may release organic contaminants into the well, and therefore, should not be used if the well is to be
sampled for organic constituents.

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used
when a screen is necessary, and the annular borehole space around the scre~ned interval is artificially
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen
shall pass no more than 10 percent of the pack material, or in-situ aqUifer material. The site geologist

019611/P Tetra Tech NUS, Inc.
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shall specify the combination of screen slot size and sand pack which will be compatible with the water
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the
wells. For example, as a standard procedure, a Morie NO.1 or No. 10 to No. 20 U.S. Standard Sieve size
filter pack is typically appropriate for a 0.02Q-inch slot screen; however, a No. 20 to No. 40 U.S. Standard
Sieve size filter pack is typically appropriate for a 0.010-inch slot screen.

5.2.3 Annular Materials

Materials placed in the annular space between the borehole and riser pipe and screen include a sand
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium
to coarse-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments.
The quantity of sand placed in the annular space is dependent upon the length of the screened 'interval,
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or eqUivalent) is then
placed to extent from the top of the bentonite pellets to the ground surface.

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is
allowed to collapse around the well screen after the well is installed. This method has been used where
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible
due to borehole collapse.

Bentonite expands by absorbing water and provides a seal between the screened interval and the
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the
bentonite pellets, extending to the surface. The grout effectively seals the remaining borehole annulus
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also replaces
material removed during drilling and prevents hole collapse and subsidence around the well. A tremie
pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to prOVide a
better seal. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the
surface without a tremie pipe.

Grout is a general term which has several different connotations. For all practical purposes within the
monitoring well installation industry, grout refers to the solidified material which is installed and occupies
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of one or two
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite,
and water at a ratio of one 90-pound bag of Portland Type I cement, plus 3 to 5 pounds of granular or
flake-type bentonite, and 6-7 gallons of water. A neat cement consists of one ninety-pound bag of
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of
bentonite pellets is difficult. Bentonite chips are also occasionally used for annular backfill in place of
grout.

In certain cases, the borehole may be dnlled to a depth greater than the anticipated well installation depth.
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or cement
grout A short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below
the screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure
that the entire screen surface remains unobstructed.

019611/P Tetra Tech NUS, Inc.
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5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is typically placed over
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The
protective casing has a larger diameter than the well and is set into the wet cement grout over the well
upon completion. In addition, one hole is drilled just above the cement collar through the protective
casing which acts as a weep hole for the flow of water which may enter the annulus during well
development, purging, or sampling.

A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away
from the well head.

5.3 Monitoring Well Installation

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction
of various types of monitoring wells.

5.3.1 Monitoring Wells In Unconsolidated Sediments

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well
installation will partially be dictated by the stability of the formation in which the well is being placed. If the
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be
installed and well installation will proceed through the center of the temporary casing, and continue as the
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers
will act to stabilize the borehole during well installation.

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on
one end of the pipe or screen must be excluded while measuring, since the pi'pe and screen sections are
screwed flush together.

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed.
A weighted tape measure must be used during the installation procedure to carefully monitor installation
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as the
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater than
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur.
Centralizers may be used at the geologist's discretion, one above and one below the screen, to assure
enough annular space for sand pack placement.

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly
and their fall monitored closely to ensure that bridging does not occur.

019611/P Tetra Tech NUS, Inc.
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The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4.

5.3.2 Confining Layer Monitoring Wells

When drilling and installing a well in a confined aquifer, proper well installation techniques must be
applied to avoid cross contamination between aquifers. Under most conditions, this can be accomplished
by installing double-cased wells. This is accomplished by drilling a large-diameter boring through the
upper aqUifer, 1 to 5 feet into the'underlying confining layer. and setting and pressure grouting or tremie
grouting a large-diameter casing into the confining layer. The grout material must fill the space between
the native material and the outer casing. A smaller diameter boring is then continued through the
confining layer for installation of the monitoring well as detailed for overburden monitoring wells.
Sufficient time (determined by the field geologist), must be allowed for setting of the grout prior to drilling
through the confined layer.

5.3.3 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and
approximately 5 -10 feet into bedrock. A casing (typically steel) is installed and either pressure grouted
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock
to the desired depth. If the boring does not collapse, the well can be left open, and a screen is not
necessary. If the boring collapses, then a screen is reqUired and can be installed as detailed for
overburden monitonng wells. If a screen is to be used, then the casing which is installed through the
overburden and into the bedrock does not require grouting and can be removed when the final well
installation is completed.

5.3.4 Drive Points

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. The
screen section is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply
pounded into the subsurface to the desired depth. If a heavy drop hammer is used. then a tripod and
pulley setup is required to lift the hammer. Drive points typically cannot be manually driven to depths
exceeding 10 feet

Direct push sampling/monitoring point installation methods, using a direct push rig or drilling rig, are
described in SOP SA-2.5.

5.3.5 Innovative Monitoring Well Installation Techniques

Certain innovative sampling devices have proven advantageous. These devices are essentially screened
samplers installed in a borehole with only srt:lall-diameter tubes extending to the surface. This reduces
drilling costs, decreases the volume of stagnant water, and provides a sampling system that minimizes
cross-contamination from sampling equipment. Four manufacturers of these samplers include Timco
Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, BARCAD Systems, Inc., of Concord,
Massachusetts, Westbay Instruments Ltd. of Vancouver, British Columbia, Canada and the University of
Waterloo at Waterloo, Ontario, Canada.. Each manufacturer offers various construction materials.

019611/P Tetra Tech NUS, Inc.
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5.4 Well Development Methods

The purpose of well development is to stabilize and increase the permeability of the gravel pack around
the well screen, and to restore the permeability of the formation which may have been reduced by drilling
operations, Wells are typically developed until all fine material and drilling water is removed from the well.
Sequential measurements of pH, conductivity and temperature taken dUring development may yield
information (stabilized values) regarding whether sufficient development has been performed. The
selection of the well development method shall be made by the field geologist and is based on the drilling
methods, well construction and installation details, and the characteristics of the formation that the well is
screened in. The primary methods of well development are summarized below. A more detailed
discussion may be found in Driscoll (1986).

5.4.1 Overpumping and Backwashing

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the
formation. This back and forth movement of water through the well screen and gravel pack serves to
remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of
sand grains. Backwashing can be accomplished by several methods, including pouring water into the
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water
into the well under pressure through a water-tight fitting ("rawhiding"). Care should be taken when
backwashing not to apply too much pressure, which could damage or destroy the well screen.

5.4.2 Surging with a Surge Plunger

A surge plunger (also called a surge block) is approXimately the same diameter as the well casing and is
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the
screens. This movement of water pulls fine materials into the well, where they may be removed by any of
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging.

5.4.3 Compressed Air

Compressed air can be used to develop a well by either of two methods: backwashing or surging.
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should
be taken when using this method so that the water level does not drop below the top of the screen, thus
introducing air into the formation and reducing well yield. Surging, or the "open well" method, consists of
alternately releasing large volumes of air suddenly into an open well below the water level to produce a
strong surge by virtue of the resistance of water head, friction, and inertia. Pumping of the well is
subsequently done using the air lift method.

5.4.4 High Velocity Jetting

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and
through the well screen to loosen fine particles from the sand pack and surrounding formation. The jetting
tool is slowly rotated and raised and lowered along the length of the well screen to develop the entire

019611/P Tetra Tech NUS, Inc.



----------- ---- .-. - . .._. __I _

Subject
GROUNDWATER MONITORING
WELL INSTALLATION

Number

ReVision

GH-2.8

2

Page
10 of 12

Effective Date
06/99

screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into
the screen during this process can then be bailed or pumped from the well.

6.0 RECORDS

A critical part of monitoring well installation is recording of all significant details and events in the site
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological
features, screen placement, gravel pack placement, and bentonite placement.

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform
recording of data for each installation and rapid identification of missing information. Well depth, length,
materials of construction, length and openings of screen, length and type of riser, and depth and type of
all backfill materials shall be recorded. Additional information' shall include location, installation date,
problems encountered, water levels before and after well installation, cross-reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involving questionable sample validity. Somewhat different information will
need to be recorded, depending on whether the well is completed in overburden (single- or double
cased), as a cased well in bedrock, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular
space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such as
a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials.
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee.

7.0 REFERENCES
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ATTACHMENT A

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT)
Potentially-Deteriorating Type of Casing Matenal
Substance

PVC 1 Galvanized Carbon La-carbon Stainless Stainless Teflon*
Steel Steel Steel Steel 304 Steel 316

Buffered Weak Acid 100 56 51 59 97 100 100
Weak Acid 98 59 43 47 96 100 100
Mineral Acid/ 100 48 57 60 80 82 100
High Solids Content
Aqueous/Organic 64 69 73 73 98 100 100
Mixtures
Percent Overall Rating 91 58 56 59 93 96 100

Pr.eliminary Ranking of Rigid Materials:

1 Teflon- 5 Lo-Carbon Steel
2 Stainless Steel 316 6 Galvanized Steel
3. Stainless Steel 304 7 Carbon Steel
4 PVC 1

* Trademark of DuPont
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

Potentially- Type of Casing Material
Deteriorating
Substance

PVC PP PE PE PMM Viton * Silicone Neoprene Teflon~*

Flexible Conv. Linear
Buffered Weak Acid 97 97 100 97 90 92 87 85 100
Weak Acid 92· 90 94 96 78 78 75 75 100
Mineral Acid/ 100 100 100 100 95 100 78 82 100
High Solids Content (

1

Aqueous/Organic 62 71 40 60 49 78 49 44 100
Mixtures
Percent Overall 88 90 84 88 78 87 72 72 100
Rating

Preliminary Ranking of Semi-Rigid or Elastomeric Materials:

1 Teflon- 5 PE Conventional
2 Polypropylene (PP) 6 Plexiglas/Lucite (PMM)
3. PVC Flexible/PE Linear 7 Silicone/Neoprene
4 Viton-

* Trademark of DuPont

Source: Barcelona et a!., 1983
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION
Characteristic Stainless Steel PVC

Strength

Weight
Cost
CorrQsivity

Ease of Use

Preparation for
Use

Interaction with
Contaminants*

Use in deep wells to prevent
compression and closing of
screen/riser.
Relatively heavier.
Relatively expensive.
Deteriorates more rapidly in corrosive
water.

Difficult to adjust size or length in the
field.
Should be steam cleaned if organics
will be subsequently sampled.

May sorb organic or inorganic
substances when oxidized.

Use when shear and compressive
strength are not critical.

Light-weight; floats in water.
Relatively inexpensive.
Non-corrosive - may deteriorate in
presence of ketones, aromatics, alkyl
sulfides, or some chlorinated
hydrocarbons.
Easy to handle and work with in the
field.
Never use glue fittings - pipes should
be threaded or pressure fitted. Should
be steam cleaned when used for
monitoring wells.
May sorb or release organic
substances.

*

019611/P
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The purpose of this document is to specify a consistent procedure for the quality assurance review of
electronic and hard copy databases. This SOP outlines the requirements for establishment of a Database
Record File, Quality Assurance review procedures, and documentation of the Quality Assurance Review
Process.

2.0 SCOPE

The methods described in thiS Standard Operating Procedure (SOP) shall be used consistently for all
projects managed by Tetra Tech NUS (TtNUS).

3.0 GLOSSARY

Chain-of-Custody Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a
group of samples from the time of sample collection to the laboratory. The Chain-of-Custody Form is
retained with the samples dunng transfer of samples from one custodian to another. The Chain-of
Custody Form is a controlled document that becomes part of the permanent project file. Chain-of-Custody
and field documentation requirements are addressed in SOP SA-6.1.

Electronic Database - A database provided on a 5.25" or 3.5" diskette or a laser disk. Such electronic
databases will generally be prepared using public domain software such as DBase, RBase, Oracle, Visual
FoxPro, Microsoft Access, Paradox, etc.

Hardcopy Database - A printed copy of a database prepared using the software discussed under the
definition of an electronic database.

Sample Tracking Summary - A pnnted record of sample information including the date the samples were
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were
shipped, the associated analytical requirements for the samples, the date the analytical data were
received from the laboratory, and the date that validation of the sample data was completed.

4.0 RESPONSIBILITIES

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to
update and file the Sample Tracking Summaries for all active projects on a weekly basis. It shall be the
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample
Tracking Summaries are placed in the Database Records file. It shall be the responsibility of the
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project
Manager (for placement in the project file). It shall be the responsibility of the Database Records
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as
applicable) are placed in the Database Records file.

Data Validation Coordinator - It shall be the responsibility of the Data Validation Coordinator (or
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records
Custodian. It shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that
photocopies of all data validation deliverables are placed in the applicable Database Records file by the
Database Records Custodian.

Earth Sciences Department Manager - It shall be the responsibility of the Earth Sciences Department
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this
Standard Operating Procedure (speCifically Section 5.5).
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FOL - It shall be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of
Custody Forms to the Database Records Custodian. Other responsibilities of the FOL are described in
Sections 5.4 and 5.5.

Management Information Systems (MIS) Manager - It shall be the responsibility of the MIS Manager to
ensure that copies of original electronic deliverables (diskettes) are placed in both the project files and the
Database Records File. It shall be the responsibility of the MIS Manager (or designee) to verify the
completeness of the database (presence of all samples) in both electronic and hardcopy form in the
Database Records File. It shall be the responsibility of the MIS Manager to ensure that Quality Assurance
Reviews are completed and are attested to by Quality Assurance Reviewers. It shall be the responsibility
of the MIS Manager to ensure that records of the Quality Assurance review process are placed in the
Database Records File. It shall be the responsibility of the MIS Manager to' ensure that both electronic
and hardcopy forms of the final database are placed in both the project and the Database Record File. It
shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are entered in the
database.

Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the
request of the Project Manager, specifically with respect to the generation of level of effort and schedule
estimates. To support the project planning effort, the IMSM shall provide a copy of the MIS Request From
included as Attachment A to the project manager. It shall be the responsibility of the MIS Manager to
generate level of effort and budget estimates at the time database support is requested if a budget does
not exist at the time of the request. The MIS Request Form shall be provided to the Project Manager at
the time of any such requests. It shall be the responsibility of the MIS Manager to notify the Project
Manager !Jf any anticipated level of effort overruns or schedule noncompliances as soon as such
problems arise along with full justification for any deviations from the ~udget estimates (provided they
were generated by the MIS Manager). It shall be the responsibility of the MIS Manager to document an
changes to the scope of work dictated by the Project Manager, along with an estimate of the impact of the
change on the level of effort and the schedule.

Program/Department Managers - It shall be the responsibility of the Department and/or Program
Managers (or designees) to inform their respective department's Project Managers of the existence and
requirements of this SOP.

Project Manager - It shall be the responsibility of each Project Manager to determine the applicability of
this SOP based on: (1) program-specific requirements, and (2) project size and objectives. It shall be the
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the requirements
regarding Chain-of-Custody Form provision to the Database Records Custodian. It shall be the
responsibility of the Project Manager (or designee) to determine which, if any, historical data are relevant
and to ensure that such data (including all relevant information such as originating entity. sample
locations, sampling dates, etc.) are provided to the Database Records Custodian for inclusion in the
Database Records File. It shall be the responsibility of the Project Manager to obtain project.planning
input regarding the level of effort and schedule from the MIS Manager. It shall be the responsibility of the
Project Manager to complete the database checklist (Attachment A) to support the level of effort and
schedule estimate and to facilitate database preparation and subroutine execution.

Risk Assessment Department Manager - It shall be the responsibility of the Risk Assessment
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP
as necessary. and to take corrective action if necessary. Monitoring of the process shall be completed on
a quarterly basis.

Quality Assurance Reviewers - It shall be the responsibility of the Quality Assurance Reviewers to verify
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking
Summaries. It shall be the responsibility of the Quality Assurance Reviewers to ensure the correctness of
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the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries
of the original analytical data (e.g., Form Is provided in data validation deliverables). Correctness includes
the presence of all relevant sample information (all sample information fields), agreement of the laboratory
and database analytical results, and the presence of data validation qualifiers.

Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this
Standard Operating Procedure via routine audits.

5.0 PROCEDURES

5.1 Introduction

Verification of the accuracy and completeness of an electronic database can only be accomplished via
comparison of a hardcopy of the database with hardcopy of all relevant sample information. The primary
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process
is maintained in the project file.

5.2 File Establishment

A Database Record file shall be established for a specific project at the discretion of the Project Manager.
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody documents
from a FOL or sampling technician. The Database Record Custodian shall establish a project-specific file
for placement in the Database Record File. Each file in the Database Record File shall consist of
standard components placed in the file as the project progresses. Each file shall be clearly labeled with
the project number, which shall be placed on the front of the file drawer and on each and every hanging
file folder relevant to the project. The following constitute the minimum components of a completed file:

• Electronic Deliverables
• Sample Tracking Forms
• Chain-of-Custody Forms
• Data Validation Letters
• Quality Assurance Records

5.3 Electronic Deliverables

The format of electronic deliverables shall be specified in the laboratory procurement specification and
shall be provided by the laboratory. The integrity of all original electronic data deliverables shall be
maintained. This shall be accomplished via the generation of copies of each electronic deliverable
provided by the laboratory. The original electronic deliverable shall be provided to the project manager for
inclusion in the project file. A copy of the original electronic deliverable shall be placed in the Database
Record File. The second copy shall be maintained by the MIS Manager (or designee) to be used as a
working copy.

5.4 Sample Tracking Forms

Updated versions of the sample tracking form for each relevant project shall be maintained by the
Database Record Custodian. The Sample Tracking Forms shall be updated any time additional Chain-of
Custody Forms are received from a FOL or sampling technician, or at any time that data are received from
a laboratory, or at any time that validation of a given data package (sample delivery group) is completed.
The Data Validation Coordinator shall inform the Database Record Custodian of the receipt of any data
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packages from the laboratory and of completion of validation of a given data package to facilitate updating
of the Sample Tracking Form. The Database Record Custodian shall place a revised copy of the Sample
Tracking Form in the Database Record File anytime it has been updated. Copies of the updated Sample
Tracking Form shall also be provided to the project manager to apprise the project manager of sample
package receipt, completion of validation, etc.

5.5 Chain-of-Custody Forms

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1) updating the Sample
Tracking Form, and (2) confirming that all required samples and associated analyses have been
completed. It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling
effort. The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s) in
the Database Record File. Upon receipt of a sample data package from an analytical laboratory, the Data
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database
Record Custodian. The Database Record Custodian shall use this copy to update the Sample Tracking
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the Database
Record File. The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the
previously filed field copy. Upon receipt of all analytical data, two copies of the Chain-of-Custody will
therefore be in the file. Review of the Chain-of-Custody Forms will therefore be a simple mechanism to
determine if all data have been received. Chain-of-Custody is addressed in SOP SA-6.1.

5.6 Data Validation Letters

All data validation deliverables (or raw data summaries if validation is not conducted) shall be provided for
inclusion in both the Database Record File and the project file. If USEPA regional- or client-specific
requirements are such that Form Is (or similar analytical results) need not be provided with the validation
deliverable, copies of such results must be appended to the deliverable. It is preferable, although not
essential that the validation qualifiers be hand-written directly on the data summary forms. The data
validation deliverables (and attendant analytical summaries) will provide the basis for direct comparison of
the database printout and the raw data and qualifiers.

5.7 Historical Data

At the direction of the Project Manager, historical data may also be included in a project-specific analytical
database. In the event that historical data are germane to the project, hardcopy of the historical data must
be included in the Database Record File. Historical data may be maintained in the form of final reports or
as raw data. The information contained in the historical data file must be sufficient to identify its origin, its
collection date, the sample location, the matrix, and any and all other pertinent information. All available
analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location maps, shall
be photocopied by the Project Manager (or designee) and placed in one or more 3-ring binders. All
information shall be organized chronologically by matrix. It shall be the responsibility of the Project
Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-Custody
Forms, boring logs, sample log sheets, and field logbooks are identified and corrected. The Project
Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all
relevant forms. Data entry may only be performed on information that has undergone the aforementioned
editing process, thereby having a direct correlation between hardcopy information and what will become
the electronic database.

6.0 RECORDS

Records regarding database preparation and quality assurance review include all those identified in the
previous section. Upon completion of the database task, records from the file will be forwarded to the
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Project Manager for inclusion In the project file, or will be placed in bankers boxes (or equivalent) for
storage. The final records for storage shall include the following minimum information on placards placed
on both the top and end of the storage box:

Database Record File
PROJECT NUMBER: __
SITE NAME: _
DATE FILED: _1_1__
SUMMARY OF CONTENTS ENCLOSED
BOX_ OF_

Project- or program-specific record keeping requirements shall take precedence over the record keeping
requirements of this SOP.
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ATTACHMENT A

~ MIS REQUEST FORM

Tetra Tech NUS. Inc

Pro eel Name' Reguest Date'
CTO Date Data Available for Producbon:
Pro,eel Manaoer Reguestln Support of'
Reauestor: Database Lead
Program/Chent. GIS Lead'
State/EPA Raolon. StaMtics Lead:

RIsk Lead
Srte Name(s} (Area, au, etc l.
Sampling Date(s):
Matnx. UGW Usa U SO USW U Other

'Labeis-:---0 Lab"eiSrieededfOr"an,upCommgsamphngevent------Totiii"OTsamples ----
Esbmated Hours Addillonallnstructlons:
Due Date

Complete ETS Charge No.
FOL

oaia Eniry:--------------------------'-------------------

D Chemical data needs to be entered from hardcopy Esbmated II of Samples
D Chemical data needs to be formated electrolllcally
D Field analytical data needs to be entered from hardcopy
D GeologiC data needs to be entered from hardcopy
D Hydrology data needs to be entered from hardcopy

Estimated Hours Additional Instructions;
Due Date

Complete ETS Charge No.

Taliies:---g Fuil6iita Pnntout-----~
..._--

Summary of Posrt,ve HitsBOccurance and Distribution ' o wrth cntena
Sampling AnalytICal Summary'

D Other
Estimated Hours Addrtlonallnstrucllons:
Due Date

Complete ETS Charge No.

--OIS:--- o General FacilIty LocatIon
D Site Location
D Potentlometnc Contours/Groundwater Flow
D Sample Location ProposedEI Sample LocatIOn ExistIng

Tag Map Single Round
D Tag Map MUltIple Round
D Isoconcemrertlons
D Chart Map
D 3D Visualization
D EGIS CD
D Other.

Estimated Hours Additional Instructions,
Due Date

Complete ETS Charge No,

f=------ -------------- -- --Statistics: DYes
Esbmated Hours AddltlOnallnstruebons:
Due Dale

Complete ETS Charge No

~t1stics:-r:rYes
------

Estimated Hours Additional Instructions
Due Date

Complete ETS Charge No

'"
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,'The 'purpose~ ~f this pr9cedure is to provide general reference information regarding the sa,mpling ,of
groundwater wells. ; '~' , ,_ ;

,-'. , ..

2.0'
<.? ,,~

SCOPE

, This procedure provides information on proper sampling eqyipmen!, 'onsite water quality testing, an~" ,
techniques f9r groundwater sampling. Review of the information cqntained herein will facilitate planning of' '
the, field sampling effort !:?y describing standard sampling techniques. The techniques described 'shall b~ ,
followed wheneyer applicable, noting that site-specific conditions or project-specific plans may: require, ,
modiflcations ~~ methodology. , '., <, '" ' " ' ,,'

, ~.O"
, ,

GLOSSARY
" .? ",

,Conductivity - GonduCtivity is a numerical expr~~sio~ of ihe ability'of ali aq'ueous solution to carrY ~n: '
electric current'. ,This ability depends on the presence of ions, thejr total concentration, mobility, valence, .
and reJativeconcentrations, and on temperature of, measure:" 90nductivity. is highly dependent on '
tempera~ure and should.be reported at a particular'temperature, i.e.~ 20.2 mSlcm at 14C. '

Dissolved OxYaen (DO) ..: DO levels in natural and wastewater depend on the 'physical, chemical" and,
biochemical activities in the water sample. " ,:', ,"..,.... ',' " ' ..

Oxidation-R~duction Potential (ORP) - A f1leasure of ~~e '?ctivity: ra~io of oXidizi~g and reducing species as'
determined by the electromotive force developed by a noble metal'electrode, immersed in water, as
referenced against a standard hydrogen electrode. , ,

; .... .;

Ill:! -The negativ~ logarithm (base 10) of the hydrogen 'ion activity. The hydrogen ion actiVity is related to
the hydrogen ion concentration, and, In a relatively we~k solution, the two ~re nearly equal. Thus, for all
practical purposes, pH is a measure of the hydrogen ion concentration.
>.. " "

pH Paper ~ Indicator paper that turns different colors, dep~ndi!19 on the pH of the solution to which it is '
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of the
solution's pH. ' . . ,

, '

Salinity - Salinity is a unitless property of industrial and natural waters. It is the measurement of dissolved
slats' in a given 'mass of solution. Note: most field meters determined salinity automatically from
conductivity and ter:nperature. The displayed value will De displayed in either parts per thousand (ppt) or
% (e.g., 35 ppf will equal 3.5%).

Turbidity - Tu'rbidity in water is caused by suspended matter, such as clay, silt, fine organic and inorganic'
'matter. Turbidity'is an expression the optical property that causes light to be scattered and absorbed
rather than transmitted in a straight line through the samPle.

4.0 RESPONSIBILITIES

Project Hydrogeologist - Responsible for selecting and detailing the specific groundwater sampling
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and
providing detailed input in this regard to the project plan documents. The project hydrogeologist is also
responsible for properly briefing and overseeing the performance of the site sampling personnel.
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,'< Project G~Olo'gist - is primarily responsible for the proper acquisition of 'the'~'roundwater samples. He/she
is also, responsible fo~ the actual analyses of qnsite water quality samples, as, I,\'ell' as instrument

", .~alibration"care,and matntenance. When appropriate, such responsibjlities may be performed by other
qualified personnel (e.g., field technician~). '

v

\5.0
' ' "

,PROCEDURES' " , ,

v ~ , , "
\

, ..
,.5.1 Ge'nE!ral ,
..... " • < (, ~

.. ~ .. <"( ....

, '" To be useful..ahd accurate, a groun,dwater sample must be representati~~ of the particular zone of the
. '>! \,,' water,,being sampled.' The phySical, chemical, :and b,acteriological int~gritY of the, sarrlple !'Dust be.
" ';( , " ' maintained, fr6m the time of samp!ing'to the time of analysis in order to keep any changes, in water quality :

" ~,', parameters'to.a minimum. ,. ~ "", ) , , .,
,'" .. \. '.... , t ~ .. I _ .? I' ....... :.. .. ' :.... , ' ' ..

'; ~eth9~s .for withdrawing sample~' t,rom comple,ted, lNells include the use. of pumps" compressed air,
, 'Railers, and various typ'es of samplers; The prir)1l:uy;consider'ations in obtaining a repr~sentative sample
,,"of the. groundwater areto avoid collection of stagri~nt (standing) water il1 the well an~ to'avoid physical or

:chemical alt~ration 'of the water<;l4e Jo sampling techniqyes. In a non-purT1ping ,well, there'will be little or
, ~no vertical mi?<ing of water in tI'~e well pipe or casing, and stratification wilpcecur. The well'water in the

\ screened section will mix with 'the ,groundwater due to normal flow patterns, but the well,water above the
• ;,~creened section will remain isolated and beco'me stagbant., ~a safeguard againsj 'collecting non- '
. ' representative stagnant' water iI)' a sample, th~ following, approach shall be followe~' prior to sample '
" acquisition:, " , '

, '

, "
-;

All 'monitoring wells shall be purged prior to obtaining'a' sar)1ple. Evacuation of three to five
.volumes is recommended prior to sampling. In a high-yielding groundwater formation and where
there is no stagnariLwate~ in the well above the screened section, extensive evacuation prior to
sample withdrawal is'not as critical. , .

" 2.
,

,

3.
,

(

For wells that can~be purged dry, the well shall be evacuated and 'allowed to recover prior to
sample acquisition. If the recovery rate is fairly rapid, evacuation of more 'than one volume of

, water is reqUired. . . , A ~ ,

For high-yielding monitoring wells which cannot be evacuated to dryness, there 'is no absolute
safeguard against coptaminating the sample with stagnant ~ater. 9ne of ,the foll?wing techniques,
shall be used to minimize this' possibility: ,' , . -, ' ,

• A submersible pump or the intake line of a surface pump or bailer sh~1I b~ placed just below
the water surface. when removing the stagnant water and lower~d as ttJe water level drops.
Three'to five volumes of water shall be removed to provide reasonable assurance that all
stagnant water has been evacuated. Once this is accomplished, a bailer or,other approved
d~vice may be used to collect the sample for analysis: . .

• . The inta~e line'of the sampling pump (or the submersibl~ pump itself) sha'lI be placed near the
bo~tom of the screened section, and approximately one casing volume of water shall be
pumped from the. well at a low purge rate, equal to the well's recovery rate (low flow
sampling). c

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e.,
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~'/ " floating hydrocarbons) maY'cause,stra~ification. Excessive pumping or imprope~ sampling'methods can
// dilute or increase the contaminant' concentrations, in the recovered sampJe, compared to what is

, 'representative of the integrated water coJumn as it naturally occurs at that pOint,"thus the result is the
, ' collection of a non-representative sample. ' ,

'5.2 S~mpling, Monitoring, a'ndEvacuation Equipment

Sample cont~iners shall conform ~i!h ~he guidelines expressed in SOP SA-6.1.

~ "'The following eguipment shatrbe'o~ hand ~hen' sampling groundwat~r wells (ref~rence' SOPs ~A-6.1 and
, 'SA-7.1):·' , ' , '/' .,' ,
... ~ '- " '"" ... ... ~ ,... '- '- ...... '

................

,. Sample packaging and shipping equipment - Coolers for sample shipping,'add c901i~g, cherrtical
preservatives, appropriate samRlil)g, cpntainers and filler. ice, la~els and ~hain~of-custoc;Jy dqc!Jments•

• ' Reid tools' and i~strumemtatio~~ ;'M/u~i-parameters~ate;quality meter cap~l~ 'of ~ea~~ri"-gORP; pH,
temperature" DO, specific conductance; turbidity,and salinity or individual:meterS (~s app!icable), pH
paper, camera and film (if appn?PQ,a.te), appropriate keys (for locked w~lIs), engineer'lfrille, water level,
indicator. , /,' " ' " ' ," / , "' "

, '- ~ ,-'

• Pumps
"

Shallow-well pumps: Centrifugal, bladder, suction, or peristaltic pumps 'with 'droplines, air-lift
apparatl!s (compressor aDd tubing) where applicable: " ' ,

......~... ,... ~, ' ,

Deep-well pumps: S'ubmersible pump and electrical pow~r~geneiati~g urlit,' ~r blad~er pumps
wher~'applicable. ' /,' ,

• Other sampling equipment - B~i1ers and inert line with tripod-pulley asseniQly (if necessary):

• Pails - Plastic, graduated:'
/ ,

• Decontamination solutions - Deionized water, potable water, laboratory detergents, 1Q% nitric acid
solution (as reqUired), and analytical-grade solvent (e.g., pesticide-gradecisopr6panol), as required.

~ , .. . ~'

,- <:

, Ideally, sample with(jrawal equipment shall be completely inert, economical, easily C?leaned, cleaned prior
to use, reusable; able to operate at remote sites in the absence of power~ sources, and capable of

, delivering variable rates for well plirging and sample collection. '

5.3 Calculations of Well Volume

To insure that the proper volume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated by
the following method. Calcul~tions shall be entered in the site logbook or field notebpok or on a sample
log sheet fQrm (see SOP-SA-6.3): ' "

• Obtain all available information on well construction (location, casing, screens, etc.).

• Determine wei! or casing diameter.

• Measure and record static water level (depth below ground level or top of casing reference point).
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Determine deptri of '"Yell'by sounding using a clean, decontaminated, weighted tape"!'Jlsasure.

,. ," ,. ,
" ,. , ~ , "', ...../ ,.

Qalcul~te 'rll.,Jnlber of IiriearJeet of static water (total depth or length of, well pipe,minus the depth to
, s~at~~_ wate~ !7~elk , ' " ' , " ' '> '

} ,I '. ~

~ Calc'tilate one static well volume in gallons V ',,: (0:163 x~ Xr"2)1
.... .... t .... , ~,.,... "

, ,

" '", where:,V = Static volume of well in gallons. , " ,
, ., , 'T= ~ Thick'ne'ss of water table' in the well measur6d in feet (i.e./linear
, " " . : _', feet of static water):' ',,' , ' " '-, ' ,-

-. ' , ' r ' ' ~"o ", = Inside radius of well ca!>i[ig in inches: ,,::,' ", ' .
" ~ ~:, '0.163'v' = A 'constant conyersipn' factor which' co!'11pe'1sates for the
" , \" ", ' ,conv'ersion of the casing radius::fr~!'11;:"'inche~ tq· feet,,' the

, , <" "," < " cOriversion of cubit: feetto gallons, and pi;' ,'" : <: '

,. '!,Per, ~J~~'uation,~Olu~es di~CU~S~~~ove: determi~'e't~e miriimu:n a~~u~;,f~~ ~e:'~~~cuated: be;ore,'
".,-; sampling:. ' , ;,'_:,;~>~"'" " ,: """, ',,;' ',', ,':

" .... .., .IT> J.
V

, .. "

.... "" ~ -: ':,

5.4' ," E~a~uatio~of Static Water (Purging)
, ,

5.4,.1' ,'General",
'. ,,"' ....... ,

( ";~ .." .;' -
Tbe 'amoul}t:pf purging: a well shall receive prior to sample collection will depend on the inte~t of the
monitoring progr~m and the hydrogeologic conditions. Programs to determin~ overall quality" of w~t r
resourc,es may require long pumping periQds to obtain a sample that is represeri~~tive of a laJ'ge volume of
thatv~quife~., T~e pump~d,volume '11ay be $pecified prior to sampling'~<?'that tl)e'sample,can be a
composite, of a known -volume of :the aquifer. ~lternately the 'wei! can be PUJTIJ>BC1 u'ntil ,the par:ameters
such as temperature, specific conductance, pH, and turbidity (as applicable), have stabilized. Onsite
measurements of. thes~ parameters shall 'be recorded i~ the' site logbook" field notebook, or ,on
standarctiz~d d~ta sh~ets: v r • y r,

5.4.2 Evacuation Devicesr ~ ,_

, '

The follpwing discussJon- is limited to those devices commonly used at hazardous waste sites.
AttachmentA provi~es guidance on the proper evacuation device to use for given,sampling situations.
Note that all of these techniques involve equipment which is portable and readily available. " _, '

r, • " ?

B~ii~rs'are the simplest eVijlcu~tion devices used and have many. advantages. 'They generally consist of ~
length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball
check-valve at the bottqm. An inert line is used to lower the bailer and retrieve the sample., , ,

Advantages of bailer~ include:

• Few limitations on 'size and materials used for bailers.
• No external power source needed.
• Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of cross-

contamination. '
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" • ~ .. There is minimal outgassing of vol~tile organics while the sample is in the bailer.
• Bailers are relatively easy to decontaminate. '

, '. .. '

Limitation~' ~n the use of hailers 'include'the following:
, ' ',I.

"

• '.

•..,

..
It is'time consuming to rempve stagnant wat~r using a bailer. .. v

Transfer of sample may cause aeration: .
Use of bailers. is physically demanding, especially' in warm temperatures' at protection levels above
Level D. ' ' " .'. ' ':. ~ -

SuctiOn Pumps , '

There, are many different types, of inexperi~iye s~ction pumps including centrifugal: di.~~hragm, and/'
peristaltic pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a Jast' pumping ;
rate and for sampling at a low pumping rat~. Th~ peristaltic pump is a low volume pU[T1p'th~t ~ses rollers
to sq!Jeeze a fl,exible tubing, thereby creating suction.' This tubing can be dedicated to 'a' well to prevent
cross contamination.' ,- -' ", ' ,

" "-, ..

Th~se pumps are all'portable, inexpensiv~ a~d readily available. However, because they)ar~ based '~n'
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A'

_significant limitation is that the vacuum created by these pumps can cause significant loss of- dissolVed
gases and vQlatile organics. . - . " " '

{ ,

Air-Li!t Samplers

"
This grol,lp ot pump samplers uses gas pressure ~ither in the annulus of the well or in-a.yenturi to force
the water up a sarTlpling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers'are
more suitable for well development than for sampling because the samples may be aerated, leading to pH
changes and subsequent trace metal pr~cipitation, or loss of volatile org'anics. '

Submersible Pumps

"
Submersible pumps take in water and push the sample up a sample tube to the surface. The power-
sources for these samplers may be compres~ed gas or electricity. The operation principles vary and the
displacement of tfle sample can be by an inflatable bladder, sliding piston, gas bubble, or impell~r.. Pumps
are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable depths
(several hundred feet). "

Limitations of this class of pumps include:

• They may have low delivery rates.
• Many models of these pumps are expensive.
• Compressed gas or electric power is needed. ,
• Sediment in water may cause clogging of the valves or eroding the impellers with some of these

pumps.
• Decontamination of internal components can be difficult and time-consuming.
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5.5 Onsite'Water 'Quality Testing

This section descri~es the proc;edures, and equipment requi'red'to measure !he following Rarameters ofan
aqueous sample in the field: '.'" ,", '. ...,',

" '- , "

, '.

• pH, " ",
• Specific Conductance

... ~ '::
• Temperature,: ,': ", :,
• Dissolved Oxyg'en (00): :. "

, • Oxidation'ReductionJ)otentiaI.(ORP) "
• Certain Dissolv,ed,Con~tituents Using Specific Ion Element~ . _ .. ,,'::,
• TurbiditY, . .' .' ' ;, ','.,' " ' , ,

'. Salinity" ',> ';' -', ' ; '. "
" .. '\ ...', ... ,,, " ~

',- -. '- r ~; ~ . ;', .. : '- , "~ "~, '~ ~ l' ... : ~~~" " .f

This section is applicable for use in an onsite groundwater quality monitoring,program to be ~ondueted at '
'a hazard9us clr;'.nonh'az~rdo'~s site. The procedures and ~quipment:des,cribed are applicaol to
groundwater samples'and a~e' not; in general, subject, to solution' interferences from color,' turbidity, and
colloidal mater)al:or,susp~nded matter., ' . . , '

I, "

, This section pr~yldes g~neral inforrl1ation for measuring t~e parameters listed above with 'instruments"and
techniques in commoh use:' Since',instruments from different manufacturers may vary; review. of the
manufacturer's literaturEi pertaining to the use of a specific instrument is required before use. . ' ,, "

5.5.1
'- ~ -- ~ ...

Measurement of pH'... ,.,. '-

c '- ~c :.

5.5.1.1

Measurement of pH is'one oHhe most important and frequehtly used tests in ,water chemistrY.: Practically
every phase of wa!er supply and wastewater treatment such as acid-base neutralization, ~ater softening,
and corrosion cOr:Jtrol ,is pH dependent. Likewise. the pH of leachate can be correlated with other
chemical analyses to d~t~rmine the probable source of contamination. It is therefore import~nt that
reasonably accurate pH measurements be taken. . "

'- ''';., ",

Two methods are,giveri for p,H m~asurement: the pH meter and pH indicator paper. The indicator paper "
, is used when ~nly,a 'rough, estimate of the pH is required, and the pH n:eeter when ~ more accurate

measurement is neede<f, The response of a pH meter can'be affected to a slight degree by high levels of
colloidal or suspended solids, but'the, effect is usually small and' generally of little significance.
Consequently, specific methods to qvercome this inteiference are not described. The response of'pH
paper is unaffected by solution' interferences from color, turbidity, colloidal or: suspended materials unless
extremely high levels caRable of coating o~ masking the paper are encountered. In such cases, use of a
pH meter is reco"l1mEmded. " '. : .

5.5.1.2 Principles of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of
the solution created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, including litmus (for general acidity or alkalinity
determination) and specific pH range hydrion paper.
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Use of a pH mE!'ter relies, ~n th~ same principle as otlier ion-specific electrodes. Measurement relies '.on
establishment of a potential difference across a glass or other tYPe of. membrane in ~esponse'tQ' (in this
instance, hydrogen) iOI1 conc~ntration' across that membrane. The membrane' is conductive to ionic
species and, in combin~ltion with a standard or reference electrode, a potential difference propQrtion~1 to
the ion concentration is gemerated'and measured. '

" '

5.5.1.3 Equipment

" ,
.. t .....

The following equipme~t is needed'for taking pH measurements:
__ ?..... '".. .' J ~

• Stand-alone' portable pl-(meter" or, 'combination meter (e.g., Horiba U-10), or' combination, meter
equipped witk an in-Iine,s~rnple,chamber (e.g., YSI 610). ' ' , , : " ,
, .. ~ ;' > J .. -:,J '?::, ".' , .." J ... ' .. " .. .., "'. .. ..

• Combination electrode with polymer body to fit the abQve meter (alternately a pH elect':.ode and a :"
reference eleetr0ge~n b~ used if t~e pH meter is equipped wit,trsuitable electrode inputs).. '

, .... ' .. ... v ...... : .. \ .. ' ~";. ~ ( " ~ .. .. .. .. .. ..

• Buffer soluti9n~~'as sp'ecified,~ythe manufacturer. ,,:,'
.., .. ...... ..

•

•

pH indicator paper:; tQ cOY,ei the, pH range 2 through 12. '

Manufactur~r'~ ope~tio,ri 'manual..

5.5.1.4

pH Meter

Measurement Tec~niques for Field Determination of pH

, ,

The following procedur~'is used,for measuring pH with a pH meter (meter standardization is according to
manufacturer's instruc!ions): ,

• Inspect the instrument a'1d"ba~eries prior to initiatiorJ of the field effort.

• Check the ifltegrity of. the buffer solutions used for fi~ld calibration. Buffer solutions need to be
changed often as a'result of degradation upon exposure to the atmosphere.

~ .. , >

• If applicable, make sure all electrolyte solutions ~thfn the electrode(s) are at their proper levels and
that no air bubbles are present within the electrode(s).

" '

• Calibrate on a daily use basis (or as recommended by manufacturer) following manufacturer's
instructions; Record calibration data on an equipment calibration log sheet.

• Immerse the electrode(s) in the sample, slowly stirring the probe until the pH stabilizes. Stabilization
may take several s~onds to minutes. If the pH continues to drift, the sample temperature may not be
stable, a physical reaction (e.g., degassing) may be taking place in the sample, or the meter or
electrode may be malfunctioning. This must be clearly noted in the logbook. ,

• Read and record the pH of the sample. pH shall be record~d to the nearest 0.01 pH unit. Also record
the sample temperature.

• Rinse the electrode(s) with deionized water.

• Store the electrode(s) in an appropriate manner when not in use.
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Any visual ob~E!rvation o/~~~dit;ons which ~ay interfere with pH ~ea~ure~~nt, "such ~s oily materials, or
, turbidity. shall be noted. " " ~ "

pH Paper

Use of pH paper is verY simpl~' and requires no sample prepa~ation. standardi~tioil;' ~tc.' pH paper is
available in, several ranges, including wide-range, (indicating approxim~tely, pH 1 to 12), mid-range' "
(approxim~tely pH 0 to 6, 6 to 9; 8~to,J4) an~ narrow:range (many available, with range~ as ,narrow as
1.5 pH units): The appropriate'range,of pH paper shall be selected. If the pH is unknown the investigation
shall start with wide-range paper and proceed with successively narrower'range paper until the sample pH
is adequ~tely determined~ ~ ,; ,i' ,:" " " , " ,,'

.. > .. " '

5.5.2 Measurement of Specifi'c Conductance
, ...,.; ..

, '

9~5.2.1
, ' General '

'.. ",,' .. , 1', ' , ~

.. <" " , ' >~ .. 0'" ,- ", ". .. (

'Conductance provides a' measure of dissolved ionic species in water and can be used to identify tile'
direction and'extent of migration'of contaminants 'in groundwater or surface water. It can ~lIso be used as ' ,
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination.' "

.. , I' ~ ~ ~ .. "'" .. , ..

Co~ductivity is a numeri~1 ex~res~ion of th~'abilitY of a'water s~ple to ~arry an 'electric ~urrent. Thi~'
value ,depends on the total concentration, of the' ionized substanges dis~olved in the water and the
temperature at which the measurement is made. The mobility of each of the various dissolved ions, th~ir'

valences. and their actual and r~lative concentration~ affect conductivity.
, <

It is important' to obtain a s'pecific conductance' measurement soon after taking a sample. since
, temperatl!re changes, precipit~tion reactions, and absorption of carbon, dioxide from the air all affect the
, specific conductance. "'" ' , ,,' , ,', , , -,' :

" ~ I

5.5.2.2 Principles of Equipme~t Oper~tion

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive'
ions migrate toward the neg~tive electrode, while the negatively charged ions migrat~ toward the positive
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid. sodium carbonate, or sodium
chloride. respectively) are, relatively goqd conductors. Conversely, organic compounds such as sucrose'or
benzene, which do not dissociate in aqueOl~s solution, conduct a current very poorly, if at all. '

, '

_A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used
for measurement of electrical resistance.' The ratio of current applied to voltage across the cell may also
be used as a measure of conductance. The core element of the apparatus is the conductivity cell
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested, a
potential 9ifference is developed across th~ cell which can, be converted directly or indirectly (depending
on in~trument type) to a measurement of specific conductance. '
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$.5.2.3 Equipment

, ' The following equipment is,needed for taking specific con~uctanc: (SC)' measurements:
, '" ,. ~ '"

,. ,Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or 'combination
'; meter equipped with an !n-Iine sample chamber (e.g., YSI610). ' "

.' Calibration solution, as specified by the manufacturer.
• , Manufacturer's operation m'!1nual. '

'~ A variety of conductivity meters are available which may also be used to monitor salinity and temperature. ~, '
;',Probe types and cable lengths vary, so equipment must be obtained to meet'the specific requirement of, "
" tt)~ sampling program. ' ,,' ,," ',,'

, :
" ,
~ , ""
\ '".;., ".

) .. ,- ,
,

5.5.2.4 Measurement Techniques for Specific Conductance
~ ~ 'I ...',. '-', "...

'1-'l1e "steps involved in taking spe~ijic conduct~~c~ ~~asurements are listed below (standa~tzation is "
according to manufacturer's instructions): ~, :' , ' , , " , '

.. ~ ..." .. ... - , " ..

, Check batteries and calibrate in~trument before going'into the field.
'. ~ "-, ". "-

• ,Calibrate on a daily use basis (or,as:r~comin~nded by manufacturer), according to the manufacturer's
jnstruct,ions and record all pertinent'information on ~n equipment calibration log sheet. Potassium

: chloride solutions with a' SC closest to the v~dues expected in the field· shall be used for calibration.
, Attachment B provides guidance in this regard: " ." '. /

• 'Binse the cell with one or more, pqr:tions of the sampl~ to be.tested or with deionized :.vater.
,.... -' '

7

~" Immerse the electrode in the sample and measure the conductivity. Adjust'the temperature setting to'
, the sample temperature (if applicab!e). : , '

A. Read and record the results in a fi~ld logbook or sam'pl~ log sheet.

'. Rinse the electrode with deioni?ed wat~r.

If the specific conductance measurements become erratic, recal,ibrate' the instrument and see the
manufacturer's instructions for details.

,~ 5.5.3

.. r, '5.5.3.1

Measurement of, Temperature

General

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological
action in a water sample. It can also be used to trac,e the flow direction of contaminated groundwater.
Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water
samples may rapidly equilibrate with the temperature of their surroundings.

5.5.3.2 Equipment

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type thermometers.
In addition, various meters such as specific conductance or dissolved oxygen meters, which have
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temperature measurement capabilities, may also be used: Using such instrumentation €lIang with'suitable
probes and cables, in-situ measurements of tempe!ature at great depths can be performed. ; "

5.5.3.3 Measurement Tecnnique~ f?r Water Temperature

. '
• Immerse the thermometer in the sample until temperature equilibrium is obtained (1<~ minutes): To

avoid the possibilitY of cross-contamination, the therriiometer shall not b~ lnsertep into ,samples which
will undergo subsequent chemical anal~is. ," ,: .

... ~'" r, ' r , '-

, ~ r ", r

'. ' Record values in a'field logbook or·sample log sheet • "
" , <. "" ~, ~_ .. r r ~' .to'': 'r ~ '-;:. ~

·If atemperature meter o'~ :probe is used, the instrument shall be calibrateq,according to manufacturer's
recommendations. . , .' { . ' " " , ' " ," " ',. .

, 1-' " "

' .
.. , <. r, ' , .. ...

. ,If a thermometer is us~d !O deter~ine t,he temll,erature for a water sample:
{'

5.5.4' ", .Measurement of Dissolved·OxygEm ' ,:'

5.5.4.1 . General

Dissolved oxygen (DO) levels in natural wat~r and' 'wastewater d~pe;'d on the physical, chemical and
biochemical activities in the wate'r body. Conversely, the growth of many aquatic organisms 'as well as the'
.rate of corrosivity, are dependent on the dissolved oxYgen cohcentratio,n. Thus, analysis for dissolved
oxygen' is a key test in water pollution anq waste treatment process control. If, at all' possible" DO
measurements shall be tak~n in-situ, since concentration may show a large change in a short time if the'
sampi~ fs not adequately preserved". ' '" . ., . ',;' " , ' . . ..

, ~. .-' ,," ", ' ,

The.monit~ring method discusse'd he~ein is limited to the use of dissolved oxygen m~ters only. Chemical
methods of analysis (Le., Winkler methods) are available, but requir~ more equipment and greater sample

, 'manipulation. Furthermore, DO meters, 'using a membrane electrode, are suitable for highly polluted
waters, because the, probe is completely'submersible, and is not susceptible to interference caused by
color, tUrbidity, colloidal material or susp~nded.matter.· "

5.5.4.2 Principles of Equipment O~eration
. ,

.Dissolved oxygen probes are normally electrochemical cells' that have two solid metal electrodes of'
different nobility immersed in ~m electrolyt~. The electrolyte' is retain~d by an oxyg'en-perrneable
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a'suitable
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH-) occurs at the cathode
surface. An electrical current is developed that is directly proportional to the rate of arrival of oxygen
molecules at tre cathode. '

Since the current produced in the probe is directly proportiomll to' the rate of arrival of oxygen at the
cathode, it is important that a fresh supply of sample always be in contact with the membrane. Otherwise,
the oxygen, in the aqueous layer along the membrane is quickly depleted and false low readings are
obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain fresh solution
near the membrane interface. Stirring, however, shall not be so vigorous that additional oxygen is
introduced through the air-water interface at the sample surface. To avoid this possibility, some probes
are equipped with stirrers to agitate the solution near the probe, while leaving the surface of the solution
undisturbed.
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Dissolved oxygen 'probes are relatively unaffected by interferences. Interferences that can occur are
reactions with oxidi,zing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not
easily depolarized from the indicating electrode. If a gaseous'interference is suspected, it shall be noted '
in the field' log book and checked if possible. ' Temperature variations can ~Iso calise interference
because probes ~exhibit temperature sel)sitivity. Automatic temperature compensation ,is normally ,
provided by the manufacturer. ' " , ,

'" '" ... '" .. ... ... ,
y ,

5.5.4.3 Equipment

The following' equipment is needed to me~sure dissolyed oxygen ~6AcEmtration:
'. ", _... ; ... : ~ - ~ ....... "

• Stand':: alone' Rortable dissolved oxygen meter, or' combi~~tiori meter (e.g.,
, combination mefer equipped with an in-line sample chamber (e.g., YSI610).

• Sufficient cable to allow the probe to contact th~'samP1e: <, " '

• < MailUfa~turer's operation manual. " . "',,,' , < ,

, ' ' , .
5.5.4.4' .: M~asurement Techniques for Dissolved Oxygen Det~~mi!"~t~on

•

•

Probes differ as.to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading.
The f~lIowingg.eneralsteps shall be used to mea~ure the dissolved oxygen concentration:

, '

• The·equip~ent.shall be calibrated and have its batteries' checked before going to, the field.. , ... , '" '-

• , The 'probe shall be conditioned in a water sample; for as long a period as practical before use in the
'fi~ld~ Long ,p~riods of dry storage followed by s~ort pe~ods of-use iii th~ field may resulfin inaccurate
"rea~i~~s. , ',," ' ,

,.

• The instrum.ent shall be calibrated in the field accor~ing to manufacturer's recommendations or in a
.freshly air-sa~urated water sample of known temperature. Dissolved oxygen values for air-saturated
'water can be determined by consulting a table listing oxygen solubilities as a function of temperature
and salinity (see Attachment C). ',."", '

Record all pertinent information on an equipment calibration sheet.
'" / ,.., ... , " .'::' ::... '"

Rinse the probe with deionized water. ' .", "

•

•

•

•

0196111P

"

Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane by stirring
the sample. Probes without stirrers placed in wells can Qe moved up and down.

Record'the dissolved oxygen content and temperature of the sample in ,a field logbook or sample log
~heet. "

Rinse the probe with deionized water.

Recalibrate the probe when the membrane is replaced, or as needed. Follow the manufacturer's
instructions.

Tetra Tech NUS, Inc.
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Note that in-~itu placement of: the probe is pieferable, since sample handling is, ':lot inyolved. This
, however, may not always be practical. Be sure to recor~ wl'tether the,liqui~, was analyzed in.~itu, or if a

.' sample was taken', ' " Y ",~ 'v ' ,

~ v ..~ ~... :> ,'"

Special care sha'lI~be taken dui1'1g:~~ample colJectio~: to~ Cl,void tu;Uulen~~ which c~n 'lead to'increased
oxyg~n ~olubiliz~tion and positive, t~st interfere'nces." " , ' .; , , ,. y

..... ' ......

5.5.5 ;' " ,,~ Measurement of'9xidation:Reduction Pote.ntial
,', ''',- '-

, 5.5.5.1 ' 'Ge~e:;al ",',' , ",,' ,< '

: "',', ,,': " , . . " ." / ",;: ' .... , '

The' oXidation'"t~d~ctibn potential (ORP) provides' a measure of th~ tendency otorgaric or. inorganic "
: compou'nds"to, 'exist in an oxidized state. The' ORP paramet.er tl1erefQre. provides, evidence of the' .

likelihood 'of ,anaerobic degradation of biodegradable organics or t~e "ralio' of activities of oxidized to
, reduced ~pec!e!? ill th~ sample. ' • ," ;' .;' :,' ~\" .' , " ~ .

... ') , ,,"'~ ...., ''''', ... r ,,":,: .......... ' • " ....... ..." ~ ,,'" }.. -;,,: :'( '- ".' ';

5.5:5.2 ;"~." pri~'ciplesof Equipm~nt Operatio~ , . '. 'v' / ••

, ,""':'< '.<~/ ." ' ", ...::":1.",,':. ," '. ,
When an inert. metal. electrode, such as platinum, is iml'"(lersed in a ~olution, a potential is developed at·
that electrode depending on the ions'present in the solutio('l. If a'feferen~e,~lectrode is placed in the same
solution,.an ORP electrode pair is established. This electroae pair allows the'potential difference between '.
the two'electrodes to:be measured and is dependent on the conce.ntration;of the ions in solution. By this
measurement;, the ability to oxidize or reduce species in solution 'may"l:i9 aete....nined. Supplemental,
measurements,' such as dissolve~ oxygen, may' be 'correlated with ORP to provide a knowledge of the

, qualitY of the'soiu~ion,'water, or wastewater. ;"",",. ',~: '. ' .
, '

,,' .I' ~ .. ..

Th~ following 'equipment is needed for measuring the oxidation-r~du~~n ~,oiential of a solution:

• 'Port~tile pH meter'or equivalent, with,a millivqlt s~i~.' .'
• Platinui6' electrode to fit above pH meter. " ' ", ,
• Reference ele'ctrode such as a calomel, silver-silver' chloride: or equivale'nt.
• Refer~nce sol!Jtion as specified by the manufaCturer. ' . : '
• Manufacturer's operation manual. , .

.. .I' ' {

5.5.5:4 . , Mea,surement Techniques for OXidation-Red~~tion Pot~ntil7l1
.I' ,;, ' ..., ";'.. ~

The follo~ing"procedure is used for measuring oxidation·reduction p~tential:'
.. 'I ; , • ..

• The equipment shall be calibrated afld have its batteries ch~cked be!~r~ going to the field.

• Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If dirty, polish
with 'e~ery paper or, if necessary,'clean the electrode using aqua regja, nitric acid, or chromic acid, in
accordance with manufacturer's instructions.

• ' Thoroughly rinse the electrode with deionized water.

• Verify th~ sensitivity of the electrodes by noting the change in millivolt reading when the pH of the test
solution is altered. The ORP will increase when the pH of the test solution decreases, and the ORP
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'will decrease if the~ test' solution pH is increased. 'Place the sample in a~clean container ~nd agitat~, "
t~e sample. Insert the efectrodes and note the ORP drop~,shCirply when the caustic is added (i:e., p~,
is raised) thus indicating the electrodes are sensitive and operating properly. If the ORP incr~ases ,,' ,
sharply when the caustic is added, tne polarity is reversed, and must ~e corrected in accordance'wit"" '~ ,
the manufactur~r's instructions. If the ORP does not respond as ,above, when the caustic is added, the ;'

" electrodes shall be 9/eaned and the above procedure'repeated. ~ ,,' ",
, ... , ". ~... "".. ( ~ .. , , , ~ .. ....

• ,After the assembly, has been checked ~or sensitivity, wash the }3lectrodes with three changes of \'Vater' "
, . or by means of a flowing stream of deionized wa,ter from a wash bottle., Place the sampJe it, a clean "

~ container and insert the electrodes. Set temperature cpmper:t~ator throughout the measurement"
period. ,Read the millhioltpotentiaJ of the solution,' allo~ing suffiCient time for the system to stabilize
and reach temperature equilibrium. Measure successiv~ portions of the sample until readings c;>n tw~ ,

, successive portions differ by no more than 10 mV. A,system that is very slow to stabilize properly will
, '~not yield a meaningful OR'P. Record all results in a field logbook or sample logsheet, including ORP,

'.:' ,(to nearest 10;mV), sample temperature and pH anhe ti~: of measurement.

5.5.6

5.5.6.1

Measurement of Turbidity

,General
, '.. ,

TUrbidity is an expression of the optical property that ca'uses IigliLto be scattered and absorbed'rather
, " than transmitted 'in a straight line through the sample. Turbidity in water is caused by suspended matter, '

such as clay, silt, finely divided organic and inorganic;:' matter, ,soluble, colored organic compounds, and
'microscopic organisms, including plankton. / ~, . ,. '

,It' is important to obt~in a turbidity reading immediately after'taking a:sample, since irreversible changes in '
turbidity may occur if thesample is stored too long. ' :

,5.5.6.2 Principles of Equipment Operation

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the
,intensity of light scattered by the sample under defined conditions with the intensity of light scattered by a
standard reference suspension under the same conditions. The higher the scattered light intensity, the
higher the turbidity. ' "

Forrnazin polymer is used as the reference turbidity standard su~pension because of its eas~ of
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid

'natural water. The turbidity of a specified concentration of formazin ~suspension is defined as 40
nephelometric units. This same suspension has an approximate, turbidity of 40 Jackson units when
measured on the candle turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical to
them.

5.5.6.3 Equipment

The follOWing equipment is needed for turbidity measurement:

• Stand alone portable turbidity meter, or combination meter (e.g., Horiba U-10), or combination meter
equipped with an in-line sample chamber'(e.g., YSI61).
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• Manufacturer's operation manual.

5.5.6:4 Measurement Techniques for Tu~i~ity
" ,

The steps involved in taking turbidity measurements are listed below (standardization is according to
manufacturer's instructions): ' - , ,,' ,

, ~.. ..- '~... -

, :

• 'Check 'batteries' and c~librate instrument before going into the fiel&
'- ~ ... ., ... _ '- I ,

• Check th~ e~piratio~ d?-te.(etc.) of the ~oh.i~i,?ns',u~ed for'fjel~ ~alibr~tio~.
;' , ,.... "

" ,

• Calibrate on a dafiY iJs~ b~sis, according. t~ the ~anUfactu~e"'s' instructions C!J1d record 'all' per\inent
'information on an,equipment calibration log l?heet. ,',;, ' "",

• Rin~e' the 'c~11'~ith 'one o;,more portions ~; ihe:S~~PI~' ~~' De test~' or with dei~ni;~d wa~~r.
''''.-, ... '" ... ' ...,

• Immerse th~ probe in the sample and measure'the-turbidity. The reading must be taken' immediately .
as suspended. solids 'wills~ttle over time reSUlting in,a Jower, inaccurate turbidity reading:
.... ,......,.. "

"e",
"

.' Read and record the results in a field logbook or, sample log ~heet: Include a physical descriptiol1 of
the sample, including,color, qualitative estimate,olturbidity, etc." , .. .. ~ , ...... ,.

• Rillse the electrode wJ(h geionized water.

5.5.7 Measurement,of salinity

5.5.7.1 General .' "
,

Salinity is a unitless proPerty of industrial and natu~al waters.. It is the measurement pf dissolved salts ina
given' mass of solution. Note: Most field meters determin~d salinity ~utomatically from conductivity and
temperatur~. The displayed value will be displaye~ in, either pa}1s per thousand (ppt) or % (e.g., 35 ppt will
equal 3.5%). ' , . :' ' ,

, ,. ;' ' ... -,

5.5.7.2 Pnnciples of Eq~ipment Operation

Salinity is d~termined automatically from the meter's conductivity and ~empera!ure readings according to
algorithms (found in Standard methods for the Examination of ~aterand Wastew~tet). Depending on the
meter, the rel?ults are disp!ayed in either ppt or %. The salinity measurements are carried out in reference
to the conductivity of standard seawater (corrected to S =35).

5.5.7.3 Equipment

The following equipment is needed for Salinity measurements:

• Multi-parameter water quality meter capable of measuring conductive, temperature and converting
them to salinity (e.g.; Horiba U-10 or YSI610).

• Calibration Solution, as specified by the manufacturer.
• Manufacturer's operation manual.
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. ,'. The steps' involved' in taking' Salinity measurements are listed below (standardization is according to
" ' lT1anufactu~er's instructions~: ", , ,.', "" . .-

~~ ;- ,

'. Check batteries and calibrate before going into'the field. ' '
~ , , > " .' , v"

'" ". Check the expiration date (etc.) of the solutions' used for field calibration.
~, ' , .. <. '" ..' '" ' ...:. ' :> ..-

.'• ;' Calib'rate on adaily" use basis, according to the"manufacturer's .instru~tions· and record all pertinent
infonnation on an equipment calib~tion log' shee~::.· , '..',

Rinse the cell with .the sample to be tested.
- ..' ../' ..

"

• 'I~~erse the probes in the :sample and measure the' salinity. Read and' record 'tHe results in a field
'Jogbook or s,ample log sheet, " .

, "

Rinse the' probes ~ith deio!1ized water.

"
Sampling

5.6.1' , Sampling' Plan

•

•

. , " ,The sampling app~oach consis~if'lg of the fOllowin~" shall be developed as part of the project plan
documents which are, approved prior to beginning work in the field:

, "
• Background and objectives of s~mpling.

<
• Brief description of area and waste characterization.

Identification 01, sampling lOCations, with map or sketch, and applicable' well construction data (well
,size, depth; screened interval, ,reference elevation). " .

Intended number, sequence volumes, and types of SamplE;!5. If the relative degrees of contamination
between weJls is ,unknown or insignificant, a sampling sequence which facilitates s,ampling logistics
may be ~ollpwed. Where some wells are known or strongly suspected'of being h"ighly contaminated,
these shall be sampled last to reduce the risk of cross-contamination between wells as a result of the
sampling procedures. '" . "

•

•

•

•

•

Q196111P

Sample preservation requirements.

Work schedule.

List of team members.

List of observers and contacts.

Other information, such as the necessity for a warrant or pennission of entry, requirement for split
samples, access problems, location of keys, etc.

Tetra Tech NUS, Inc.
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Sampling Methods

, 5.'

'- ~,The collection of a groundwater sample consists of the following steps: ~ ,

:\ '1." The Sit~ 'H~ait~ & Safety Officef ior ~~Signee) will first open the well cap ~r!d use volatile organic
, "', \' .'" detection equipment (PID or FlO) on the escaping gases at the well head,to determine'the need ~

, . for respiratory protection. . , ",: - -','," .;~ , '

" ~ 2. ~ When proper respiratory protection ''has been donned, sound the well, for total depth and water
level, (using Clean equipment) a~q"record these data on a groundwater sa~pling log sheet (see

: SOP .sA-6.3); then calcul~te: 1he'f1l:1id volume i~r the well pipe (as previou~ly desc~ibed in this
, ,;" 'SOP). v , , " , ' , ' - •

':' , 3., ' ," Calculate ~~II vol~me t~'be ;emoV~d ~s stated 'in :~ection 5.3.', ' , ' v"
',~ "'r .. ',.. / .... .., , _ ~ y , '" • "

, :} ~" 4. Select,the appropriate pGrgirigequipment (see Attachment 'A). If an electric su~m~r~ible pump
with pack~r is chosen, 'go to $tep 1Q. . '-,'

./' ~, AT''' ,/"': , ~y<'~": ,"' .. ~ .. ~ '" '::

Lower the purging equipment 'o'r intake into the well to a short distance below the water level and
begin water removal. Collect tile 'purged water and dispos!3 of it in an acceptable manner (as
appliqable). 'Lower the purging'deyice, as required, to maintain submergence. ' ' -,', ", ' :

Measure the rate of discharge freq~ently. A graduated bucket an,d stopwatch are most co~monly ,
used; 'other techniques include use'of pipe trajectory methods, w'eir boxes or flow meter~.

.< ~ , ..

", ~ " ". ,.... ,', .. .-'

Observe the peristaltic pump intak~' for degassing "bubbles.· If ,bupbles are- ~b~hdant and the
intake is fully submerged, t~is l?u ITlp is not suitable for collecting,samplE:~sfor volatile organics.

" ,

8.

9.

10:

11.

12.

019611/P

,
Purge a minimum of thre~ t~ fi~e casing volumes before samp!ing.' In low-permeability strata
(i.e., if the well is pumped to,dryness), one volume will suffice. Pu.rged water shall be colle.cted in
a designated container a~d ~~sposed in an acceptable manner., "

It sampling using a pump,'lowe; the pump intake to midscreen (or the midclle of the open section
. in uncased wells) and collect the' sample. If sampling with a bailer, lower the bailer to just below

the w~ter'surface. . " " " ~
,-

(For pump and packer assembly only). Lower the assembly into the well-so that the 'packer is
positioned just above the screen or open section. Inflate the packer., Purge a volume equal to at
least twice the screened interval (or unscreened open section volume below the packer) before

, sampling. Packers shall always be tested in a casing section above ground to determine proper
inflation pressures for good sealing. y , , •

In the event that recovery time of the well is very slow (e.g., 24 hou~: or greater), sample
collection can be delayed until the following day. If the well has been purged early in the morning,
sufficient water may be sta'1ding in the well by th!3 day's end to permit sample collection. If the
well is i'1capable of producing a sufficient volume of sample at any time, take the largest quantity
available and record this occurrence in the site logbook.

Fill sample containers (preserve and label as described in SOP SA-6.1).

Tetra Tech NUS, Inc,
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Replace the ~ell cap a~d lock as appropriate. Make sure the well is re~dily identifiable' as the
source of the samples., ' ' , "

Process sample con~ainers as ~e,scribed in SOP SA-6.1.

Decontaminafeequipment as described in SOP SA-7.1:
.. .. .. v " '

Low Row'Purging and'Sampling

-: 5:7.1 Scope &,Applic?aJi,~>n
~ .; <> .. '- './' ..

Low flow purging and sampling 't~~niques are sometimes required for g~oui1d'tYater sampling' activities.
. " "The ,pu"P?se of low flow purging and sampling i~ t9 collect gr9undwafer' samples that contain

"r~presentative· amounts of mobile org~nic and inorganic constituents in, the vicinity 'of the selected open
, 'well interval, at near natural f1C?w coriditiol1s: The minimum stress procedure'emphasizes negligible water

level drawdown and loY.( pumping ~tes ,in, order to collect' samples wit,h 'minimal alterations'in water
" , 'chemistry. This procedure is design~(rprimarily to be used in we}ls. wjth a, c~sing diameter of 2 inFhes or

more and a saturated screen; or open 'interval, length of ten feet or, less, Samples obtained are suitable
. for., analyses of COrrll11on fypes 9f, 'groundwater contaminants (volatil~ and ,semi-volatile, organic

compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride,:sulfate;etc.D. 'This
procedure i~ not designed to collect non-aqueous phase 'liquids samples from wells containing light or

~ 'dense non-aqueous phase liquids ,(LNAPLs or DNAPLs),'using the low flow 'pumps. , '
.. ... ~ T .. F ..-

'The procedure is f1e~ible for, various w~1l construction type~ 'arid g~oundwater Yields. The goal of the
" ,procedure is to obtain a turbidity'leverof'less than 5 NTU and to achieve a water level drawdown of less

than 0.3 feet-dUring purging and-sampl,il"!g. If these goals cannot be achieved, sample collectiori can take
place provided the remaining criteria in this procedure are met. ' ' ~'- , " ,

, - '

5.7.,2 Equipmer')t '
,

'The following equipme~t is r~uired (as applicable) for low flow purgin'g and sampling:
.. .. .. F -',

• ,Ac;fjustable rate, su~mersible pump (e.g.• centrifugal or bladder pump constructed of stainless steel or
T~flon). < "

• Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of LNAPLs
or DNAPLs. ' , ' :, ,-, ' -" v;

• Tubing - Teflon, Teflon-lined polyethylene, polyethylene, PVC, Tygon, stainless steel tubing can be
used to collect· samples for analysis, depending on the analyse& to be p~rformed and regulatory
requi,rements. '~ "

• d

• Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking water
, level drawdown during' all pumping operations).

• Flow measurement supplies.

• Interface probe; if needed.
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• ' POWer so~rce Jgenerator, nitrogen ,!ank, etc.). If a gasoline generator' 'is'u~ed" it must be located
" downwind and at a safe distance from the well so 'that the exhaust fumes do not contaminate the

...~t samples.' ~ ~, y ,,"'"

,,~ .. /~ ,:,.~ '''.. .. ... ,.~ "-, :> '<: \ ~... ~ r "

".': Indicator' parameter ,monitoring instruments - pH, turbidity, specific conductance, and temperature.
, "Use of a flow-through cell is recommended., Optiona(lndicators - OAP am;! dissolved oxygen, f1ow-
, ' through cell is required. Standards to per:form fielctcalibration of instruments. ( ~" '

.. r ... ' r " -;... ".

... r " 'f, "~" ... ;.' " .' ... ". -' ...

'.~' Logbpok(!?), ~n~ other forms (e.g., well purgi~g .fo~s).
• ~ '//~, ""VJ ", ,V-',,"',.' ~ ... " ... " ..

• ,Sampl~,Bottle~.,': '
_, • ... r

... ... ~ ... ,. ':."'''' .... -' • ... .... " -' ' , I '

, • 'Sample preservation supplies (as required by the ana!ytical methods).
'::. ... v .. : -,'" "" "" ... "".-.. '... " " .(

• S1:mple tags andJ~r labels. ' ,
-,~'/~':. , ... :" .......', -~ ~ ..

• 'W~)I construction data, lo~ation map, field data from la~t sampling event. "
,' ... "'_-' '" _

'. , Fi~ld Sampling Plan..... ' ".. '",,, ... ,' ;'

'. ,,'PIO or Flq Instrument for measuring VOCs' (volatile orQanic compounds).
... " ~ ... , ....: I " ... • ... .. ~... ..., .. '.~

5.7.3 ,', purging and'Sampling Procedure.. ~.. .. .. ~ ,

Use'a sUbme~ible: pu~p 'to purge and ~ampl~ monitori~g wells which hav~ a, 2.0 inch or gr~ater well
casing diameter. '~'.' ," .,"

~ • ~ .... ~.7 •• ..

M~asure~~d record the water level imm~diately prior to placing the pump in'the well.: '.,
, , .. /") -' , ..

Lower pump, safety cable, tubing and-electrical lines slowly into the well so that the pump,inta!<e is located
at'the center of, the saturated screen length of the, well. If possible keep the pump intake at least two feet
above, ~he' bottom of the, well, to minimize mobilization of sediment that m,ay' b~ present in the bottom of
th well.: Collection of turbidity-free wat~r samples may be difficult if there is three feet,or le~s of standing
water in the \'fell. ' ' ' , ,,
When 'starting the pump, slowly increase the pump speed until a discharge occur:s. Check' wafer level.
Adjust pump speed to maintain little or no water level drawdown. The target drawdown should be less
than 0.3 feet and, it should stabilize. If the,ta~get of less tha~ 0.3 feet cannot be achieved of maintained,

. the' sampling is acceptable if remaining criteria in the procedure are met. Subsequent sampling rounds
will probatJly have intake settings and extraction rates that are comparable to those used in the initial
sampling rounds. '

Monitor water level and pumping rate every five to ten minutes (or as appropnate) during purging. Record
pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced to the
minimum capaoilities of the pump (e.g., 0.1-0.2 I/min) to ensure stabilization of indi<;:ator parameters.
Adjustments are best made in the first fifteen minutes of pumping in order to help minimize purging time.
During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover as pump flow
adjustments are made (minimum purge volume calculations should utilize stabilized drawdown values, not
the initial drawdown). If the recharge rate of the well is less than minimum capability of the pump do not

/'
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allow the ~ater level to fall to t~e intake level (if the static water level is above'the screen, avoid'lowering
the'water level into the screen). Shut off the pump if either, of the above is about to occur and allow the
water level to'recover. Repeat the process until field jndicatpr parameters stabiliz~ and the minimum
purge volume is removed. The minimum purge volume with negligible drawdown (0.3 feet or: less) is two
saturated screen length volumes. In situations 'Where the drawdown is greater, tha'1 0.3 feet am;t has'
stabilized, :the' minimum purge'volume is two times the safurated'screen volume plus the stabilized
,drawdown volume. After the minimu"1 purge volume is attaine~' (and field paramet~r's, have 'stabilized)
begin sampling. 'For, low Yi~lds ~ells, commence sampling as sqbn as the well has rei;:overe.d sufficiently
to collect trye appropriate volume for all anticipa~ed samples. ' . , " ': ,"

, ..., ~ .~

Du'ri~g'w~il~purging;' monitor 'field i~dicator parameters (turbidity,' ,emperatur~, specific c'onductance, pH,.
et~.) 'every fjye to ~en minutes (or as appropriate). purging is complete and sampl(ng'may'begin when all
fiel~ indicator parameters\ h~ve stabilized (variations in yalues are wi~in t~n per~e~t of each other, pH +/
0.2 units, for three consecutive readings taken at five to ten minute intervals): If:the,parameters have
stabilized, but tUrbidity remains above 5 NTU goal, decrease pump, flow rate, and cOntinue meaSurement
of'parameters every five to ten minufes., If pumping rate cannot be decreased any furt~er and stabilized'
turbi~itY ,vah.,les remain, above 5NTU goal record this information. Measurements, of, fie!d parameters
shpuld be ob!ained, (as per Section 5.5)' and recorded. " .. ,

" -J r, ~ , ~ , <", " r, '- • -. "

VOG sam~ies are pr~ferably col!ected fi~st: clirectly into pre-prese~~d s~mple: co~tain~rs: Fill all sample
containers by allowing the,pump discharge to flow gently down the inside of the' container with minimal
turbulence. '-, " ,, . ,

If the water column in th~ pump tubing collapses, (~ater does not completely fill th,e tubing) before eXiting
the tubing, use one of th~ following procedures to collect VOC samples: (1) ColI~ct the non-VOCs,
samples first, then increase -the flow rate incrementally until the water column completely fills the tubing,
collect th~ sample'and rec~rd the new flow rate; (2) reduce the diameter of the existing tl;Jbing until the
water c9lumn fills the tUbing either by a~ding a connector (Teflon,or stainless steel), or clamp wl1ich
should reduce the flow rate by constricting the ehd of the tubing; (3) insert a narrow diameter Teflon tube
into the pump's tUblrlg so that the end of the tUbing is in the water column and the other end of the tUbing
protrudes beyond the pump's tubing, collect sample from the narrow diameter tUbing.

, ,. ,.,."

Prepare samples for shipping as per SOP SA-6.1 ., .,

, .
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PURGING EQUIPMENT SELECTION

.; .
", - " -< , ,,

0

,
" " , ,

Diameter Casing Bailer Peristaltic ,vacuum Air-lift ' 'Diaphragm Submersible Submersible Submersible'
Pump Pump " , '"Trash·, Diaphragm Electric Pump ElectriC Pump

" ., Pump Pu":!p wlPacker

1.25-lnch Water level ,X X X X ~

<25 feet \" , " :

Water: Level
~

X , -"

>2,5 feet, , ,
v ','

2-lnch Water level X X X' X X, X
<25 feet ,

Water 'Lev~
, ',X X

, , ,
. X" , , .. v

>25 feet " '- .' , " " ~

;
"

4-lnch Water -' Jevel X X X ; 'X X X X- ," '>,{ ,
<2~feet '- ' ,

~

Water' Level X X, X X
,

X
>25 feet ~ .... ~ ~ "

",

6-lnch Watsr level " X X X >, X
<25 feet, , ',
Wa'ter Level 'X X X:
>25 feet' , ,

-' , "

8·lnch Water level X X X X
. '

.' .
<25 feet

., / v
,

,
Water Level X X, X,
>25 feet

,,

, , , , ,
"

,

, ,
"

", ,

/

;
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ECO Pump Corp. ISAMPLlfier IPortable; venturi

GeoEngineenng,l GEO-MONITOR IDedicated; gas
Inc. drive (positive

displacement)

J<eCk-Geo~)hYSicaJl SP-81-- Iportable;. helical
Instruments, Inc. Submersible rotor (positive

Sampling Pump displacement)
LeonardMold and GeoFilter Small Portable; bladder
Ole Wolks, Inc. Diameter Well (pOSitive

Pump (#0500), displacement)

z
c:
3
i,..,

~......
I......

:II

~
g'

.".

., ;

:. m I iJ=:,&a: ",ep

~

o·l? ""_a> lD ClJ·'
<i5' '
CO' So.-

, 1\) .
" ~

:E»G)» ("):D •
-100m,Cc
:DmZ,

"IO:::::jO
cQ:E,» z »
r -I-»m
~Z:D:,', I-I q C/),

~ mo»'
< Cf)'z S::'

:::!C/)"1J'z-r'G),-I m. ,m,
,,':.-....

: ~" .. ~"

, '

,

" Comments

Requires-Compressed gas (40 psi minimum).
. ' ..'

" -~' .....

Requires vacuum and/or'-pressure froin nand
pU~:.: ".,"

'.

Requires compressed gas; other models
available: "ACF , DC,' , manual operation
possible. -' ; " ,

Acts as piezometer, requires compressed
gas. ' . ... '

1982
Pnce\

(Dollars)

$12()'135Tot~er sizes available.

Delivery RateS
or Volur:nes

~7,50pmL!min 0990

Requires compressed 98l> (55 pslmlnimum);
" , p~timatic ~r AClDC'corlt(ol module. .

Q-400

9-150

()'30--:-1610-mum~ $50~OO IAClDC; .,variable'. speed 'control available;
, with ~015- .' . ,~ ,Other models may have dlfferen! flow rates.

20 pump head' ,.
0-100 10-500 'mUmlnl $40().700 IAC;-OC, or gasoUne~iiven !riOtors available;

depending - on must be primed.
11ft

().230 I~2,OOO mUmln I$300-400 IRequires compressed gas; 'piezom8ti!c level
Indicator, other materials available.

";

()"160 1Q-4,500mLImlnJ $3,500 qOCopefated.:

0-250 10-2,800 mUmin I -$T,50~
3,000

No limit IAPproximatelY-f$125-160IOther: ma~rlals,: !1nd models' available;; ~9r, ..
~O mL - I~ ~ ,. mE!ssuring thlcknes~, oJ ·"fIoating"

contaminants. . , ',', '

No limit \850 ,'O'mq $1,100
" sample volume

',~ -'

Lift
Range'

(ft)

l'rolimTn;075 mL

Probably IApproximatelY \" ~1~5 •
()"150 1 rlter for each • ,

10 feet Of
submergence

Teflo~

PP, PE, PVC, ~,
Tefto~, Tefzel-

55, Teflonr-. VltonG'

PE, PP, PVC,
Vit0n8 •

PE,-~rass,. nylon. 1'/0-150 \rliter 1O-r eachl '220-350tReqUJres-Comp~sSed gas; e:ustom;s,izes and
aluminum oxide . with std. 10-15 feet of _. materialuvailable; acts as piezometer. '

,tubing submergence', ; , '_ , " • " " • ' ' ,,' ,
(not submersible) ~

Tygof'l&,' sificone
VllonG'

1.5116

u)716

1.75/43 ISS. Teftof/l

1.7515npC. silicone;
TeftonlS, PP, 'P.E,·'
DetrinG', acetal .

1.75125 Iss, .Teflof'l&; ~P,
EPDM, VitorID '

1.75/38 155, TeftorID, PC?,
Neopren~

'1.75/12 scryUc,·DetrirID

. '.

1.66136 PVC

,

1:15143

1.66738

<1.OINA

<1.5 or
<2.0INA

Maximum I Construction
Outside Materials (wlUnes

DlameterJL' _ and Tubing)
ength

(Inches) .

Principle of
Operation

Portable; bladder
(positive
displacement)

Model
NamelNum~r

Well W1zaRPIDedlcated;;
Monitoring System bladder ,(posltlve
(P·100) displacement)

Syringe Sampler Iportable; --giil6
(positive
displacement) , '

Manufacturer

Q.E.D. ,
EnvJronmental
Systems, Inc.

lEA

Geltek Corp. IBailllr219-4- -- IPortable; grab
(posJlive
displacement)

Industnal and IAquariUS
Environmental
Analysts, Inc. (lEA)

Oil ReCovery ISUrface sampl8r-,PortB61e; . . graQ.
Systems, Inc. ~ (positive

displacement)

Cole-Paimer Inst.1 Master Flex 7570IPortable;
Co. Portable Sampling peristaltic

Pump . (suction)

BarCad Systems,IBarCad Sampler~IDedicated;' gas
Inc. • drive (positive

, displacement)

Instrument IModel 2600IPortable;. ~Iadder
,Specialties Co, Well Sampler· (positive . .
(ISCO) displacement)
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Tole Devices Co. ISampling Pump IPortable: 'bladderl 1.38I481SS, silicone, Derrirf',
(positive TygoflGl
displacement)

z
§
i'

~....
"....

.:xl ',CD
,.~.

'g"
.~

(fJ
c:
J1.

", / l!
,I ~»G>.» (") JJ .

-;00mCc
:::D(i.jz
'0 =i 0
'C-~»0».r- Z -;
-»m
~Z:::D

" ~ 0 (J)
mo»
(J)ZS::

":::! (J) "tl
'Z =i r- Io
',G) m m

~'

$800- Compressed gas required; DC control
1,000 module; custom built.

,.)-

04,000 mUmin

0;30 ISee comments ' 1,200-. Flow rate depen enf on motor and
" ' " ,,' . tUbing seleCted;, AC operated; other
,,; ." . ; , 'models avaUable. " ~ , ,

0-150 1350 mLlfluShlngI$1000200,\ReqUiies--c?Ompres;sed gas; other
cycle 0 • .. "sizes, materials, models available; no

solvents used.
0-125

0-330 1500mL- 1 $1~30O:--'1 Requires ,compr&SS8d gas; 'custom
1,800. models available. • '0,

No limit "Jt50 rnUft ofI $2~ IOther sizes, materialS;' -mOdels
baller, available; optional bottom-emptying

device'available; no solvents used.

().500 0-1,800 mLlriilil, $2,600-' Requires compressed gas; water level ' "
.. '; 2,700' mdicatOr and; flow ,meter; custom , :'

,;' , " ,; ','models aVaUable. : .. , ' ,:
y 0-1,100" 250"ml:Jflushing $250-350 ReqUires . compressed gas;" 5S',"; ,

, " cycle' ,':\, ,'<, " " available; piezometer model available; "" 'J i I
,,' - ;', dedicated model'avaDable.

nylon,

"
/,

Construction MaterialSI'Lift Range IDelivery Ral88orl-'1982 .,/-.. Comments
(w/Lines and Tubing);" (ft) , ') YOlu",,"', Price'. '" .' ," :',•
, " " ' ~ , , ." . ,(DoUars), .' , " :-' ,'"

(Not submersible)
RUbber,. Tygo~, ' or
Neopren8'& '

PVC" brass,
"Neoprene'

1.9/27

<O,5If.lA

Maximum
Outside

DiameWIL
engti)

(Inches)

grab )1 :661Ctisto IPVC, PP
m

grab

Prin-ciple of
Operatlo.", .

Portable;
(positive
displacement)

Model
NamelNumber

Air or Gas Uftl Portable; gas-drt"el--i-:66l30 IPVC,TYgol'fD, TefloflGl
Sampler (posilive

displacement)· ~

Bennett1Model 180

Manufacturer

TIMCO

TIMCn-Mfg. 'co:;l Std. Baller
Inc.

Solinst Canada ISW WaterIPortable;
Ud. Sampler (posillve

displacement)

Portable; , ,~plston 1.8122;-, SS, Teflo~, Qelrine-pp,
(positive, ' " . Vrtor'ft. aayUc. PE
displacementL " ,,-"

Slope Indicator Model ,514124 Portable; gas -drive, ';, 1.9/18 " PVC, nylon
09. (SINCO) Pneumatic (positive. _ • , " ,,, ','

Water Sampler displacement)

RandOIPh-AUStinl Model 500IPortable; . peristaltiC
Co. Van-Flow'Pump (suction)

Robert
Co,

ATTACHMENT A

PURGING EQUIPMENT SELECTION

PAGE 3

o
-"

~
~

••••

','

1
• CD

.'.\

'-, ,,,~ -' (~>

Source: ,Barcelona et aI., 1983.

Construction Material Abbreviations: Other ~bbreviations: ,>~:.

PE Polyethylene , .' NA 0 • Not a'ppf~~le ; < ~
PP Polypropylene - ,AC ' Altematlng current " . ~,o ~ / ' '~ ,

PVC Polyvinyl ~Iortde DC ), ~ current 0 :, U ,'.. .' -. " ' • m-
SS Stainless steel ' , / . \ 'of', ' :. , " m:
PC Pofycarbonate _ ' y " • " " ".. 'C:i: •

, EPOM Ethylen&ilropylene~ne (synthetic rubber) ,,' 0 .. " " • ' , u '. " ' ' ' '0 '. " ~.
, • ',' ,', ',' , 0 '0" • 0

NOTE: Other manufacturers marlatt pumping devl~s whiCh could be used tor groundWater sampling, 'though not e~ressly designed tor this purpose. The fist Is ~91 meant to be"," g ~ I~
alJ.lncluslve and listing does not constitute endorsement tor use. Intonnation In the table Is from sales, 6terature' and/or personal communication. No skimmer, '0 Cci 0
scavenger-type, or high-capacity pumps are Included. . , . . " . , -,' , , <0 • v ;:;;
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, , ',," ATTACHMENT B

SPECIFIC CONDUCTANCE OF 1 'MOLAR KCI At, '-":"
, ,YARIOUSTEMPERATURES1

Temper~ture (~C)
" ,

15
'<

Specific Conductan.ce', " :",
(umhos/cm) " ,

, 1,147

16

, , 17
" , " '1-------:.'---'-'---+----------f

" 18, ~' "'; , ,
, ,'~

>'

, "20'\' 1,278 , '
1-"'::"""-'-'.....;'---~-._----:...::------t '"

',' ,21 1.3Q?

',24 1,368

25 1,413

26 1,441

27,' 1,468

28 ' 1,496

29' 1,524

30 1,552

, ,

0196111P

Qata 'derived from the International Critical
Tables 1-3-8.
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ATTACHMENT C
" ,

, '. ", , ,
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER ' ,

AS A FUNCTION OF TEM~ERATURE AND SALINITY
,

"
' ,

Temperature , , .: Di~solved ,Oxygen (mgIL)
N

("C) , . , .-

Chloride Concentration in Water Differencel, , ,
100 mg Cl1loride

0 5,000' 10,000 : ' 15,000 20,000
,

"

0 ,14.6, . 13:8 13.0 '12.1 11.3 " 'O.OJ?"
1 14.2 13.4 '12.6 ~ '.1.8 11.0 0.016

.2 13.8 13.1: '12.3 11.5 10.8 0.015.,' .
'~ , "

3 " 13.5 " 12.7 12.0 11.2 10.5 0:015, '
, A ,,4 13.1 12.,4 11.7 11.0 10.~ 0.014 . ', ,/ ,

, ~,
. '

12.8 12.1 ,11.,4 10.7 10.0 0.014- "
.,

6 , 12.5 11,8 11.1 10.5 9.8 .0.01~<

7· 12.2 11.5 10.9 10.2 9.6 0.013

8' ' , 11.9 11.2 10.6 10.0, 9.4 0.013

9 '11.6 11.0 10.4 9.8 9.2 0.012

10 11.3 10:7 ' 10.1.
v 9.6 9.0 '0.012

11 11.1 , 10.5 !).9, 9.4 8.8 0.01'1

,12 10.8 10.3 ' 9.1' 9.2 8.6 ; 0.011
, 13, 10.6 10.1 9.5 9.0 8.5 0.011'

,'14 10.4 9.9 9.3 8.8 8.3 0.010

15 10.2 9.7 9.1 8.6 8.1 0.010 <'

16 10.0 9.5 9.0 8.5 8.0 0.010,

17 9.7, 9.3 8.8 8.3 7.8 0.010

18 9.5 " 9.1' 8.6 8.2 7.7 0·009
19 9.4 8.9 8.5' 8.0 7.6 0.009

20 9.2 , 8.7 ' , 8.3 7.9 7.4 0.0Q9

21 9;0 8.6 8.1 7.7 7.3 0.009

22 8.8 8.4 8.0 7.6 7.1 0.008

23 8.7 8.3 7.9 7.4 7.0 0.008

24 8.5 8.1 7.7 7.3 6.9 0.008

25 8.4 8.0 7.6 7.2 6.7 '0.008
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3Q ,7.6 ~7.3 <'6.~ '" 6.5 6.1 o.oo~, ;
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34 ,7.2,
35 ,,"" 7.1

36 ~ 7.0

37, 6.9

'3B 6.B

39 ,6.7

40 6.6

- , "

,
,

~

"

41 6.5"
42 ... 6.4.

43 ,'6.3

44 6.2
t-----'::'-=+~----:::-:-t-----+---;----;-f----+-----+----""":"-"---f"

45 6.1

46 6:0

47 < 5:9

4B 5.8

49' ',5.7

50 5.6

Note: In a chloride solution, conductivity can be roughly related to chloride concentration (and
therefore, used to correct measured D.O. concentration) using Attachment B.
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1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample
preservation, packaging, and shipping procedures to be used in handling environmental samples
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification
is addressed in SOP CT-04.

2.0 SCOPE

This procedure:

• Describes the appropriate containers to be used for samples depending on the analyses to be
performed, and the steps necessary to preserve the samples when shipped off site for chemical
analysis.

• Provides instruction for sample packaging and shipping in accordance with current U.S. Department
of Transportation (DOT) and International Air Transportation Association (lATA) regulations. lATA
regulates transportation of hazardous materials by air (which is the mode of transportation used for
shipping nearly all samples derived dUring TtNUS projects).

3.0 GLOSSARY

Hazardous Material - A substance or material which has been determined by the Secretary of
Transportation to be capable of posing an unreasonable risk to health, safety, and property when
transported in commerce, and which has been so designated. Under 49 CFR, the term includes
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well
as materials designated as hazardous under the provisions of §172.101 and §172.102 and materials that
meet the defining criteria for hazard classes and divisions in Part 173. With slight modifications, lATA has
adopted DOT "hazardous materials" as lATA "Dangerous Goods."

Hazardous Waste - Any substance listed in 40 CFR, Subpart 0 (y261.30 et seq.), or otherwise
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching
Procedure, TCLP, analySIS) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated by
EPA.

Marking - A descriptive name, identification number, mstructions, cautions, weight, specification or UN
marks, or combination thereof required on outer packaging of hazardous materials.

n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.).

n.o.s. - Not otherwise specified.

ORM - Other regulated material (see DOT 49 CFR 173.144).

Packaging - A receptacle and any other components or materials necessary for compliance with the
minimum packagmg requirements of 49 CFR 174, including containers (other than freight containers or
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b).

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is placed
on the side of a vehicle transporting certain hazardous materials.

019611/P Tetra Tech NUS, Inc
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Normality (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent.

Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of the
Appendix to DOT 49 CFR §172.101 for any material identified in column 1 of the appendix. A spill greater
than the amount specified must be reported to the National Response Center.

Sample - A sample is physical evidence collected from a facility or the environment, which is
representative of conditions at the location and time of collection.

4.0 RESPONSIBILITIES

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping,
and custody of samples up to and including release to the shipper.

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished
to another custodian or to the shipper.

5.0 PROCEDURES

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3.

5.1 Sample Containers

Different types of chemicals react differently with sample containers made of various materials. For
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well as
other information) per 40 CFR 136. In general, the sample container shall allow approximately 5-10
percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport.
However, for collection of volatile organic compounds, head space shall be omitted. The analytical
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of sample container
orders. Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to
analysis.

Once opened, the container must be used at once for storage of a particular sample. Unused but opened
containers are to be considered contaminated and must be discarded. Because of the potential for
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused
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containers which appear contaminated upon receipt, or which are found to have loose caps or a missing
Teflon liner (if required for the container), shall be discarded.

5.2 Sample Preservation

Many water and soil samples are unstable and therefore require preservation to prevent changes in either
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete and
irreversible preservation of samples is not possible, preservation does retard the chemical and biological
changes that inevitably take place after the sample is collected. Preservation techniques are usually
limited to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples only).

5.2.1 Overview

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents
required for sample preservation will either be added to the sample containers by the laboratory prior to
their shipment to the field or be added in the field (in a clean environment). Only high purity reagents shall
be used for preservation. In general, aqueous samples of low-concentration organics (or soil samples of
low- or medium-concentration organics) are cooled to 4°C. Medium-concentration aqueous samples,
high-hazard organic samples, and some gas samples are typically not preserved. Low-concentration
aqueous samples for metals are acidified with HN03, whereas medium-concentration and high-hazard
aqueous metal samples are not preserved. Low- or medium-concentration soil samples for metals are
cooled to 4°C, whereas high-hazard samples are not cooled.

The following subsections describe the procedures for preparing and adding chemical preservatives.
Attachments A and B indicate the specific analytes which require these preservatives.

5.2.2 Preparation and Addition of Reagents

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be
analytical reagent (AR) grade or purer and shall be diluted to the required concentration with deionized
water before field sampling commences. To avoid uncontrolled reactions, be sure to 8dd 8cid to water
(not vice versa). A dilutions guide is provided below.

Acid/Base

Hydrochloric Acid (HCI)

Sodium Hydroxide
(NaOH)

Dilution

1 part concentrated HCI: 1 part
double-distilled, deionized water

1 part concentrated H2S04: 1 part
double-distilled, deionized water

Undiluted concentrated HN03

400 grams solid NaOH dissolved in
870 mL double-distilled, deionized
water; yields 1 liter of solution

Concentration

6N

18N

16N

10N

Estimated
Amount

Required for
Preservation

5-10 mL

2- 5 mL

2-5 mL

2mL

The amounts required for preservation shown in the above table assumes proper preparation of the
preservative and addition of the preservative to one liter of aqueous sample. This assumes that the
sample is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions
vary, more preservative may be required. Consequently, the final sample pH must be checked using
narrow-range pH paper, as described in the generalized procedure detailed below:
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• Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to check the
initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into the sample; always
apply a drop of sample to the pH paper using a clean stirring rod or pipette.

• Add about one-half of the estimated preservative required to the original sample bottle. Cap and
invert gently several times to mix. Check pH (as described above) uSing medium range pH paper (pH
0-6 or pH 7.5-14, as applicable).

• Cap sample bottle and seal securely.

Additional considerations are discussed below:

• To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can
be properly preserved, place a drop of sample on KI-starch paper. A blue color indicates the need for
ascorbic acid addition.

If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch paper.
Repeat until a drop of sample produces no color on the KI-starch paper. Then add an additional
0.6 grams of ascorbic acid per each liter of sample volume.

Continue with proper base preservation of the sample as described above.

• Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate
solution per 100 ml of sample.

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double
distilled, deionized water to make 1 liter of solution.

The sample pH is then raised to 9 using the NaOH preservative.

• Sodium thiosulfate must be added to remove residual chlorine from a sample. To test the sample for
residual chlorine use a field test kit specially made for this purpose.

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to remove the
residual chlorine.

Continue with proper aCidification of the sample as described above.

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation.
Questions regarding preservation requirements should be resolved through communication with the
laboratory before sampling begins.

5.3 Field Filtration

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents.
Field-filtration must be performed prior to the preservation of samples as described above. General
procedures for field filtration are described below:

• The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after
collection. The filtration system shall consist of dedicated filter canister, dedicated tUbing, and a
peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by
mechanical peristalsis, the sample travels only through the tubing).
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• To perform filtration, thread the tubing through the peristaltic pump head. Attach the filter canister to
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample
container to the intake end of the silicon tubing. Turn the peristaltic pump on and perform filtration.
Run approximately 100 ml of sample through the filter prior to sample collection.

• Continue by preserving the filtrate (contained in the filter canister), as applicable and generally
described above.

5.4 Sample Packaging and Shipping

Samples collected for shipment from a site shall be classified as either environmental or hazardous
material samples. Samples from drums containing materials other than Investigative Derived Waste
(lOW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous
materials. A distinction must be made between the two types of samples in order to:

• Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall
be considered hazardous and shipped accordingly.)

• Protect the health and safety of transport and laboratory personnel receiving the samples (special
precautions are used by the shipper and at laboratories when hazardous materials are received.)

Detailed procedures for packaging environmental and hazardous material samples are outlined in the
remainder of this section.

5.4.1 Environmental Samples

Environmental samples are packaged as follows:

• Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. liploc
baggie), and seal the bag.

• Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic (e.g.
"garbage" bag). Drain plugs on coolers must be taped shut.

• Pack with enough noncombustible, absorbent, cushioning materials such as vermiculite (shoulders of
bottles must be iced if required) to minimize the possibility of the container breaking.

• If cooling is required (see Attachments A and B), double-bag ice In liploc baggies and place around
sample container shoulders, and on top of absorbent packing material (minimum of 8 pounds of ice
for a medium-size cooler).

• Seal (Le., tape or tie top in knot) large liner bag.

• The original (top, signed copy) and extra carbonless copies of the COC form shall be placed inside a
large llploc-type bag and taped inside the lid of the shipping cooler. If multiple coolers are sent but
are included on one COC form, the COC form should be sent with the first cooler. The COC form
should then state how many coolers are included with that shipment.

• Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must be used.
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Coolers must be marked as containing "Environmental Samples." The appropriate side of the container
must be marked "This End Up" and arrows placed appropriately. No DOT marking or labeling is required;
there are no DOT restrictions on mode of transportation.

5.4.2 Hazardous Material Samples

Samples not determined to be environmental samples, or samples known or expected to contain
hazardous materials, must be considered hazardous material samples and transported according to the
requirements listed below.

NOTE: Packaging and shipping of hazardous materials can only be performed by personnel who have
participated in the TtNUS training course "Shipping Hazardous Materials" (or equivalent training
approved by Health Sciences).

5.4.2.1 Known Substances

If the substance in the sample is known or can be identified, package, mark, label, and ship according to
the specific instructions for that material (if it is listed) in the DOT Hazardous Materials Table
(49 CFR 172.101) or the lATA List of Dangerous Goods Table (lATA Dangerous Goods Regulations).
DOT Guide for shippers can be found in Attachment 0 of this document.

To determine the proper shipping name, use the following steps to help locate the shipping name on the
Hazardous Materials Table, DOT 49 CFR 172.101.

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol. Note that
many chemicals have more than one technical name, for example, perchloroethylene (not listed in
172.101) is listed as tetrachloroethylene (listed 172.101). It may be useful to consult Health
Sciences or a chemist for all possible technical names a material can have. If your material is not
listed by its technical name, then ...

2. Look for the chemical family name. For example, pentyl alcohol is not listed but the chemical
family name is: alcohol, n.o.s. (not otherwise specified). If the chemical family name is not listed,
then ...

3. Look for a generic name based on end use. For example, Paint, n.o.s. If a generic name based
on end use is not listed, then ...

4. Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics, n.o.s.
Finally, if your material is not listed by a generic family name but you suspect or know the material
is hazardous because it meets the definition of one or more hazardous classes, then ...

5. You will have to use the general hazard class for a proper shipping name. For example,
Flammable Liquid, n.o.s, or Oxidizer, n.o.s.

If you have any doubt regarding the proper shipping name, contact Health Sciences in Pittsburgh,
Pennsylvania for assistance.

5.4.2.2 Unknown Substances

For samples of hazardous substances that are not listed on the Hazardous Materials Table, or are of
unknown content, the shipper is required to:
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1. Determine that the substance is not forbidden for shipment. Items forbidden include explosives
(solid and liquid), substances liable to produce a dangerous evolution of heat or gas, and listed
"unusual" compounds (which TtNUS fortunately does not typically handle). If the substance is in
any way atypical of routine shipments, contact Health Sciences for further information on
determming if the substance is forbidden.

2. Classify the substance by assessing whether it is anticipated to exhibit any unusual physical
properties as defined by DOT (flammability, explosivity, etc.). If the substance has more than one
hazard, follow the hazardous materials classification scheme identified in Attachment C of this
SOP.

3. Use the generic or "n.o.s." proper shipping name that most accurately describes the article or
substance. There are two types of general proper shipping names:

• Generic, e.g., Alcohols, n.o.s. *
• Hazard description, e.g., Flammable liquid, n.o.s.*

Generic or n.o.s. proper shipping names marked with an "*" require the addition of the technical
name in parenthesis 0 immediately following the proper shipping name. For example, most of our
instrument calibration gases are not listed by name and must be declared under the most
accurately descriptive name, which is "Compressed Gas, n.o.s. (Mixture Nitrogen and Oxygen)".

The correct shipping classification for an unknown sample is therefore selected through a process of
elimination as described above (and detailed in 49 CFR 172.101(c)(11). By using the provisions in this
paragraph, the proper shipping name and description will be determined. A step-by-step guide IS provided
by the DOT and can be found in Attachment D of this SOP. Again, if you have any doubt regarding the
proper shipping name, contact Health Sciences for assistance.

5.4.3

5.4.3.1

Packaging and Shipping of Samples Classified as Flammable Liquid (or Solid)

Packaging

Applying the word "flammable" to a sample does not necessarily mean that it is in fact flammable. The
word prescribes the class of packaging accordmg to DOT regulations and classification schemes. The
DOT defines flammable liquids as substances with a flash point less than 140°F (60°C). For shipping
purposes, liquids with a flash pomt exceeding 95°F (35°C) need not be considered as flammable liquids if
they are miscible solutions and have a water content of more than 90% by weight. For solutions classified
as flammable liquids:

1.

2.

3.

4.

019611/P

Containerize sample as required (see Attachments A and B). To prevent leakage, fill container no
more than 90 percent full. Seal lid with teflon tape or wire.

Complete sample label and attach securely to sample container.

Seal container and place in 2-mll-thick (or thicker) polyethylene bag (e.g., Ziploc baggie), one
sample per bag. Position sample identification label so that it can be read through bag. Seal bag.

For soil jars, place sealed bag inside metal can (available from laboratory or laboratory supplier)
and cushion it with enough noncombustible, absorbent material (for example, vermiculite or
diatomaceous earth) between the bottom and sides of the can and bag to prevent breakage and
absorb leakage. Pack one bag per can. Use clips, tape, or other positive means to hold can lid
securely, tightly and permanently. Mark can as indicated in Paragraph 1 of Section 5.3.4.2, below.
Single 1-gallon bottles do not need to be placed in metal cans.
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5. Place one or more metal cans (or a single 1-gallon bottle) into a strong outside container, such as
a metal picnic cooler or a DOT-approved fiberboard box. Surround cans (or bottle) with
noncombustible, absorbent cushioning materials for stability during transport. The absorbent
material should be able to absorb the entire contents of the container. Mark container as
indicated in Paragraph 2 below.

5.4.3.2 Marking/Labeling

1. Use abbreviations only where specified. Place the following information, either hand-printed or in
label form, on the metal can (or 1-gallon bottle):

• Laboratory name and address.
• Proper shipping name from the hazardous materials table (DOT Regulation CFR 49 172.101).

Example: "Flammable Liquid, n.o.s. (with the technical name in parentheses).

2. Determine packing group. The packing group must be included on the shipping papers in the
description section. Packaging groups are classified as follows:

Group I.
Group II.
Group III.

Most Hazardous
Medium Hazard
Least Hazardous

The packing group will be listed in the hazardous materials table, column 5.

3. Place the following information on outside shipping container per the instructions provided in the
"Shipping Hazardous Materials" course:

• Proper shipping name
• UN or NA number
• Proper label(s)
• Addressee and sender

For flammable liquids, the following are the proper labels to be placed on the outside shipping container:

• DOT "Flammable liquid" label
• Package orientation label (arrows pointing upward) on at least two opposite Sides of the package
• "Cargo Aircraft Only" label if shipping more than 30L of flammable liquids in the package.

5.4.3.3 Shipping Papers

Principally because of limitations in sample holding times, TtNUS almost exclusively uses air
transportation to ship hazardous materials and other environmental samples. The "Dangerous Goods
Airbill" is the shipping paper used to document the information associated with the shipment. As identified
previously, only personnel who have participated in "Shipping Hazardous Materials" training (or equivalent
course) are authorized to prepare hazardous materials for shipment - including preparation of associated
shipping papers. Included in this training are instructions on what specific information is to be provided on
the Airbill for hazardous materials typically shipped by TtNUS. Refer to the training course Student
Manual or contact Health Sciences for this information.

The properly executed Chain-of-Custody Report must be included in the container. Use custody seals.
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Using the Airbill of our common carrier (Le., Federal Express) as an example, the follOWing instructions
apply to the information to be provided under "Transport Details", "Nature and Quantity of Dangerous
Goods", and other associated fields.

a) Transport Details

• Select "Passenger and Cargo" or "Cargo Aircraft Only" (This is based on the type and quantity of
dangerous goods you are shipping). X-out the non-applicable selection.

• Airport of Departure - Enter the full name of the airport or city of departure.

• Airport of Destination - Enter the full name of the airport or city of destination.

b) Shipment Type - Delete the option that does not apply (Non-Radioactive/Radioactive)

c) Nature and Quantity of Dangerous Goods

1. Dangerous Goods Identification

• Proper Shipping Name - List the proper shipping name (this is the name as it appears on the
List of Dangerous Goods Table and NOT the product or trade name), and if applicable, the
technical name in parenthesis.

• Class or Division - List the class or division number and, if applicable, compatibility group.

• UN or ID No - List the UN or I.D. number, preceded with "UN" or "I.D." This selection may
change when shipping in accordance with 49 CFR regulations that permit the shipment under
NA (North American Continental Shipments) designations for certain substances.

• Packing Group - List the appropriate packing group, if applicable. This is the level of
anticipated hazard of the shipment. It does not apply for all shipments. When no information
IS available, leave the space blank.

• Subsidiary Risk - List the class or division number of the subsidiary risk, if applicable. The
subsidiary risk is any additional hazard beyond the most significant (or primary) hazard. This
Information is obtained from the List of Dangerous Goods Table.

2. Quantity and Type of Packaging - List the number of packages, the type of package, and the net
quantity in each package. The type of packaging you are shipping the hazardous material in is
presented first, followed by the amount (Kg, L, etc.). For example, "1 fiberboard box X 2 Kg".
When no outer packaging is identified, the packaging selected must provide limited protection of
the inner packaging by securing and cushioning during shipment. NOTE: Always use the
package that the hazardous material was shipped to the site in. If it is not available, contact the
Health Sciences Department in Pittsburgh for further instruction.

3. Packing Instructions - Enter the Packing Instruction number. These instructions are provided in
Section 5 of the lATA Dangerous Goods Regulations. They provide the exact type of packaging
required by the industry for various hazard classes. When no addition packaging considerations
are given, the shipper may use their best judgment for the shipment of an identified substance
and/or article.

4. Authorization - List the words" Limited Quantity," if applicable; list any special provision(s) or
approval(s) if applicable. This section provides for exceptions to this transportation regulation and
the conditions for those exceptions.
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d) Additional handling Information - Enter any required special handling information.

e) Prepared for Air Transport according to: Check the ICAOIIATA box.

f) Emergency Telephone Number - Enter the 24-hour emergency contact number. This number is
required of all US Origin or Destination Shipments. List the number for InfoTRAC (1-800-535-5053).
InfoTRAC is a company retained by TtNUS to provide 24-Hour Emergency Hotline service for
dangerous goods shipment. This company has MSDSs for the substances routinely shipped by
TtNUS. They provide information to FedEx or any other emergency responders, should situations
arise with one of our shipments. In addition, they have telephone numbers of certain Tetra Tech NUS
Health Science Department personnel in the Pittsburgh Office in the event of'an emergency.

g) NamelTitie of the Signatory - Enter name and job title (Field Operations Leader, Geologist, Health &
Safety Specialist, etc.)

h) Place and date - Enter the City and date of shipment

I) Signature - Sign the form (must be a complete signature). All alterations must be signed with the
same signature used to sign the declaration.

5.4.3.4 Transportation

1. The majority of unknown hazardous substance samples will be classified as flammable liquids.
The samples will be transported by rented or common carrier truck, railroad, or express overnight
package services. Do not transport samples on any passenger-carrying air transport system,
even if the system has cargo-only aircraft. DOT regulations permit regular airline cargo-only
aircraft, but difficulties with most suggest avoiding them. Instead, ship by airline carriers that carry
only cargo. If unsure of what mode of transportation to use, consult Health Sciences.1

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not apply.
However, procedures described above, with the exception of execution of the bill of lading with
certification, shall still be followed.

3. Use the hazardous materials shipping check list (Attachment E) as a guidance to ensure that all
sample-handling requirements are satisfied.

4. In some cases, various materials may react if they break during shipment. To determine if you
are shipping such materials, refer to the DOT compatibility chart in Attachment F.

5.5 Shipment of Lithium Batteries

MOnitoring well data are analyzed using either the Hermit SE 1000 or the Hermit SE 2000 environmental
data logger. These instruments are typically powered by lithium batteries in sufficient quantity to make the
unit subject to hazardous material shipping requirements. The DOT determined that lithium batteries are
to be shipped using the following information:

1 Note: If you are unsure as how to ship the sample (hazardous or environmental sample),
contact Health Sciences so that a decision can be made as to the proper shipping practices.
The DOT and lATA penalties for improper shipment of a hazardous material are stringent
and may include a prison term for intentional violations.

019611/P Tetra Tech NUS, Inc
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• Proper Shipping Name
- Lithium batteries, contained in equipment, UN3091

• UN No - UN-3091

• Classification or Division
- Class 9

Shipment of equipment containing lithium batteries must be accompanied by shipping papers completed
as indicated in Attachment G. The instrument will be shipped by Federal Express as a Hazardous
Material. Place the instrument in the same container in which it was received. This container or case is a
DOT-approved shipping container. For Federal Express procedures to ship hazardous materials, call
1-800-238-5355, extension 922-1666. In most cases, the return shipping papers and DOT labels will be
shipped to you from the company warehouse or the vendor. An example of the types of labels used for
shipment and the wording are shown in Attachment G. These labels will be attached to the outside
container and include all the information noted under Section 5.4.3.2. Instead of the Flammable Liquid
information, however, the following will be presented with the following wording:

• Lithium Batteries Contained in Equipment
- UN-3091

• DOT Miscellaneous Hazardous Materials (Class 9) label

• "Cargo Aircraft Only" label

6.0 REFERENCES

American Public Health Association, 1981. Standard Methods for the Examination of Water and
Wastewater, 15th Edition. APHA, Washington, D.C.

International Air Transport Association (latest issue). Dangerous Goods Regulations, Montreal, Quebec,
Canada.

U.S. Department of Transportation (latest issue). Hazardous Materials Regulations, 49 CFR 171-177.

U.S. EPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean
Water Act." Federal Register, Volume 49 (209), October 26, 1984, p. 43234.

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020, U.S. EPA
EMSL, Cincinnati, Ohio.
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ATTACHMENT A

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS
Sample Type and Concentralion Container" Sample Size Preservatlon\<} Holding Timel<}

WATER
Organics VOC Low Boroslhcate glass 2x40mL Cool to 4°C 14 days'"
(GC&GC/MS) HCI to $ 2

Extractables (Low Amber glass 2x2 L or4x1 L Cool to 4°C 7 days to extraction,
SVOCsand 40 days after extracllon
pesllcidelPCBs)

Extractables (Medium Amber glass 2x2 L or4x1 L None 7 days to extraclJon,
SVOCsand 40 days after extraction
pesllclde/PCBs)

Inorganlcs Metals Low Hlgh-densily polyethylene 1L HN03tO pH $2 6 months (Hg-28 days)

Medium Wide-mouth glass 160z None 6 months

Cyanide Low Hlgh-denslty polyethylene 1L NaOH to pH>12 14 days

Cyanide Medium Wide-mouth glass 16 oz None 14 days

Organic! High Hazard Wide-mouth glass 80z None 14 days
Inorganic

SOIL
Organics VOC Wide-mouth glass WIth 2x4oz. Cool to 4°C 14 days
(GC&GC/MS) teflon hner

Extractables (Low Wide-mouth glass 8 oz. Cool to 4°C 14 days to extraclJon,
SVOCsand 40 days after extraclJon
pesllcideslPCBs)

Extractables (Medium Wide-mouth glass 8oz. Cool to 4°C 14 days to extracllon,
SVOCsand 40 days after extracllon
pesticides/PCBs)

Inorganics Low/Medium Wide-mouth glass 80z Cool t04°C 6 months
(Hg - 28 days)
Cyanide (14 days)

Organic!lnorga High Hazard Wide-mouth glass 8 oz. None NA
nlc

Dioxin/Furan All Wide-mouth glass 4 oz. None 7 days until extracllon;
40 days after extracbon

TCLP All Wide-mouth glass 8 oz. None 7 days until
preparation, analysis
as per fraction

AIR
Volatile Low/Medium Charcoal tube - 7 em long, 100 Lair Cool to 4°C 5 days recommended
Organics 6 mm 00, 4 mm 10

1 All glass containers should have Teflon cap hners or septa.
2 See Attachment E. Preservallon and maximum holding lime allowances per 40 CFR 136.
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ATTACHMENT B

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,
AND HOLDING TIMES

Parameter Number/Name Containerl1 ) Preservationl")I") Maximum Holding
Time(4)

INORGANIC TESTS:
ACidity P,G CooI,4°C 14 days

Alkalinity P,G Cool,4°C 14 days

Ammonia - Nitrogen P,G Cool, 4°C, H2S04 to pH 2 28 days

Biochemical Oxygen Demand (BOD) P,G Cool,4°C 48 hours

Bromide P,G None required 28 days

Chemical Oxygen Demand (COD) P,G Cool, 4°C, H2S04 to pH 2 28 days

Chlonde P,G None required 28 days

Chlonne, Total Residual P,G None reqUired Analyze Immediately

Color P,G Cool,4°C 48 hours

Cyanide, Total and Amenable to P,G Cool, 4°C, NaOH to pH 12; 14 days\O)
ChlonnatlOn o6 g ascorbic aCld(S)

Fluonde P None required 28 days

Hardness P,G HN03 to pH 2, H2S04 to pH 2 6 months

Total KJeldahl and Organic Nitrogen P,G Cool, 4°C; H2S04 to pH 2 28 days

Nitrate - Nitrogen P,G None required 48 hours

Nrtrate-Nltnte - Nitrogen P,G Cool, 4°C, H2S04 to pH 2 28 days

Nltnte - Nitrogen P,G CooI,4°C 48 hours

Oil & Grease G Cool, 4°C; H2S04 to pH 2 28 days

Total Organic Carbon (TOC) P,G Cool, 4°C, HCI or H2S04 to 28 days
pH2

Orthophosphate P,G Filter Immediately; Cool, 4°C 48 hours

Oxygen, Dissolved-Probe G Bottle &top None reqUired Analyze Immediately

Oxygen, Dissolved-Winkler G Bottle &top FIX on site and store In dark 8 hours

Phenols G Cool, 4°C, H2S04 to pH 2 28 days

Phosphorus, Total P,G Cool, 4°C; H2S04 to pH 2 28 days

Residue, Total P,G Cool,4°C 7 days

Residue, Filterable (TDS) P,G Cool,4°C 7 days

Residue, Nonfilterable (TSS) P,G CooI,4°C 7 days

Residue, Settleable P,G CooI,4°C 48 hours

Residue, Volatile (Ash Content) P,G Cool,4°C 7 days

SIlica P Cool,4°C 28 days

Specific Conductance P,G CooI,4°C 28 days

Sulfate P,G CooI,4°C 28 days
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ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,
AND HOLDING TIMES
PAGE TWO

Parameter Number/Name Containerll) Preservation\~)l") Maximum Holding
Time(4)

INORGANIC TESTS (Cont'd):
Sulfide P,G Cool, 4°C; add ZinC acetate 7 days

plus sodium hydroXIde to pH 9

Sulfite P,G None required Analyze Immediately

TUrbidity P,G Cool,4°C 48 hours

METALS:1f
)

Chromium VI (Hexachrome) P,G Cool,4°C 24 hours

Mercury (Hg) P,G HN03 to pH 2 28 days

Metals, except Chromium VI and Mercury P,G HN03 to pH 2 6 months

ORGANIC TESTS:IU
)

Purgeable Halocarbons G, Teflon-lined Cool, 4°C, 0 008% Na2S203'O) 14 days
septum

Purgeable AromalJc Hydrocarbons G, Teflon-lined Cool, 4°C, 0 008% Na2S203,JI 14 days
septum HCI to pH 2 (9)

Acrolein and Acrylonltnle G, Teflon-lined Cool, 4°C, 0008% Na2S203\oJ 14 days
septum adjust pH to 4-5 (10)

Phenols'"l G, Teflon-lined Cool, 4°C, 0.008% Na2S203\oJ 7 days until extraction;
cap 40 days after extraction

Benzldlnes" 'I. \ 1<1 G, Teflon-lined Cool, 4°C; 0.008% Na2S203\O) 7 days until extractlonl"l
cap

Phthalate esters' 'I G, Teflon-lined Cool,4°C 7 days until extraction;
cap 40 days after extraction

Nltrosamlnes" 'I. \ '"I G, Teflon-lined Cool, 4°C; store in dark, 7 days until extraction;
cap 0008% Na2S203(5} 40 days after extraction

PCBSll11 G, Teflon-lined Cool,4°C 7 days until extraction,
cap 40 days after extraction

Nltroaromatlcs & Isophoronel1'1 G, Teflon-lined Cool, 4°C, 0008% Na2S203'O), 7 days until extraction;
cap store in dark 40 days after extraction

Polynuclear Aromatic Hydrocarbons G, Teflon-lined Cool, 4°C, 0008% Na2S203,ol, 7 days unlJl extraction,
(PAHs)(11).(14) cap store In dark 40 days after extraction

Haloethers "/ G, Teflon-lined Cool, 4°C; 0 008% Na2S203'O} 7 days until extraction;
cap 40 days after extraction

DloXln/Furan (TCDDrrCDFf ' ) G, Teflon-lined Cool, 4°C, 0.008% Na2S2031O} 7 days unlJl extraction,
cap 40 days after extraction
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ATTACHMENT B
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,
AND HOLDING TIMES
PAGE THREE

(1) Polyethylene (P) generally 500 ml or Glass (G) generally 1L
(2) Sample preservation should be performed Immediately upon sample collection For composite chemical samples each

aliquot should be preserved at the time of collecbon When use of an automated sampler makes It Impossible to preserve
each aliquot, then chemical samples may be preserved by maintaining at 4°C until composlbng and sample splitting IS
completed

(3) When any sample IS to be shipped by common camer or sent through the United States Mall. It must comply With the
Department of Transportation Hazardous Matenals Regulations (49 CFR Part 172)

(4) Samples should be analyzed as soon as poSSible after collection The times listed are the maximum times that samples
may be held before analysis and stili be considered valid Samples may be held for longer penods only If the permittee. or
monitonng laboratory, has data on file to show that the specific types of samples under study are stable for the longer
penods, and has received a vanance from the Regional Administrator

(5) Should only be used In the presence of residual chlorine
(6) Maximum holding time IS 24 hours when sulfide IS present. Optionally, all samples may be tested With lead acetate paper

before pH adjustments are made to determine If sulfide IS present If sulfide IS present, It can be removed by the addition
of cadmium nitrate powder until a negative spot test is obtained The sample IS filtered and then NaOH IS added to pH 12

(7) Samples should be filtered Immediately on site before adding preservabve for dissolved metals
(8) GUidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds
(9) Sample receiVIng no pH adjustment must be analyzed Wllhln 7 days of sampling
(10) The pH adjustment is not reqUired If acrolein Will not be measured. Samples for acrolein receiving no pH adjustment must

be analyzed Within 3 days of sampling.
(11) When the extractable analytes of concem fall Within a Single chemical category. the specified preservative and maXImum

holding times should be observed for optimum safeguard of sample Integnty When the analytes of concern fall within two
or more chemical categories. the sample may be preserved by cooling to 4°C, redUCing reSidual chlonne With 0.008%
sodium thiosulfate. stonng In the dark, and adjusting the pH to 6-9. samples preserved In thiS manner may be held for
7 days before extraction and for 40 days after extraction. Exceptions to thiS optronal preservation and holding time
procedure are noted in footnote 5 (re the reqUirement for thiosulfate reduction of residual chlonne) and footnotes 12. 13
(re the analysIs of benzidine).

(12) If 1.2-dlphenylthydrazlne IS likely to be present, adjust the pH of the sample to 4 O±O 2 to prevent rearrangement to
benzJdine.

(13) Extracts may be stored up to 7 days before analySIS If storage IS conducted under an inert (OXIdant-free) atmosphere.
(14) For the analySIS of diphenylnltrosamlne. add 0008% Na2S203 and adjust pH to 7-10 With NaOH Within 24 hours of

sampling.
(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted If the samples are extracted

Within 72 hours of collection For the analysis of aldnn. add 0 008% Na2S203

Tetra Tech NUS, Inc.
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DOT HAZARDOUS MATERIAL CLASSIFICATION
(49 CFR 173.2a)

1. Radioactive material (except a limited quantity)

2. Division 2.3, Poisonous Gases

3. Division 2.1, Flammable Gas

4. Division 2.2, Nonflammable gas

5. Division 6.1, Poisonous Liquids, Packing Group 1 (poison by inhalation only)

6. Division 4.2, Pyrophoric Material

7. Division 4.1, Self-Reactive Material

8. Class 3, Flammable Liquids*

9. Class 8, Corrosive Material

10. Division 4.1, Flammable Solid*

11. Division 4.2, Spontaneously Combustible Materials*

12. Division 4.3, Dangerous When Wet Materials*

13. Division 5.1, Oxidizers*

14. Division 6.1, Poisonous Liquids or Solids (other than Packing Group 1)*

15. Combustible liquid

16. Class 9, Miscellaneous Hazardous Materials

* If a material has or meets the criteria for more than one hazard class, use the precedence of hazardous
table on the following page for Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1. The following table
ranks those materials that meet the definition of Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1.

019611/P Tetra Tech NUS, Inc.
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ATTACHMENT C (Continued)

DOT HAZARDOUS MATERIAL CLASSIFICATION
(49 CFR 173.2a)

Class Packing 42 4.3 51 51 51 61 61 61 61 B 8 8 8 8 B
Group

I(a) lI(a) III(a) I I II III I I II II III III
(Dermal) (Oral) (LiqUid) (Solid) (Liquid) (Solid) (UqUld) (Solid)

3 I 3 3 3 3 3 (e) 3 (e) 3 (e)

3 II 3 3 3 3 8 (e) 3 (e) 3 (e)

3 III 61 61 6.1 3(d) 8 (e) 8 (e) 3 (e)

4.1 lib 42 43 51 41 41 61 61 41 41 (e) 8 (e) 4.1 (e) 41

41 IIIb 4.2 43 51 4.1 41 61 61 6.1 4.1 (e) 8 (e) 8 (e) 41

4.2 II 43 51 42 4.2 61 61 42 4.2 (e) 8 (e) 42 (e) 42

4.2 III 43 51 42 42 61 61 61 4.2 (e) 8 (e) 8 (e) 4.2

43 I 51 43 4.3 61 43 4.3 43 43 43 4.3 43 43 43

43 II 5.1 43 43 61 43 4.3 43 8 8 8 43 43 43

4.3 III 51 43 43 61 61 61 4.3 8 8 8 8 4.3 43

5.1 la 51 51 51 5.1 51 51 51 51 51 51

51 lIa 61 51 5.1 51 8 8 8 51 51 51

51 ilia 6.1 61 61 51 8 8 8 8 5.1 51

6.1 I, Dermal 8 6.1 61 61 61 6.1

61 I, Oral 8 6.1 61 61 61 61

6.1 II, B 6.1 6.1 6.1 61 6.1
Inhalation

61 II, Dermal 8 6.1 8 6.1 6.1 6.1

61 II. Oral 8 8 8 6.1 61 61

61 III 8 8 8 B 8 8

(a) There are at present no established cntena for determining Packing Groups for liqUids In DIVISion 5.1 At present, the degree of hazard
IS to be assessed by analogy with listed substances, allocating the substances to Packing Group I, Great, Group II, Medium; or Group

(b)
III, Minor Danger.
Substances of DIVISion 4 1 other than self-reactive substances

(e) Denotes an impossible combination
(d) For pestiCides only, where a matenal has the hazards of Class 3, Packing Group III, and DiVision 6 1, Packing Group III, the primary

hazard IS DIVision 6.1, Packing Group III.
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GUIDE FOR HAZARDOUS MATERIALS SHIPPERS

USE OF GUIDE - This guide is presented as an aid to shippers of hazardous materials. It does not contain or
refer to all of the DOT requirements for shipping hazardous materials. For specific details, refer to all of the DOT
requirements for shipping hazardous materials, as provided in the Code of Federal Regulations (CFR), Title 49,
Transportation, Parts 100-199.

The following is offered as a step-by-step procedure to aid in compliance with the applicable DOT regulations.

STEP 1 - DETERMINE THE PROPER SHIPPING NAME. The shipper must determine the proper shipping
name of the materials as listed in the Hazardous Materials Table, 49 CFR 172.101, Column (2).

STEP 2 - DETERMINE THE HAZARD CLASS OR CLASSES.
a. Refer to the Table, 49 CFR 172.101, Column (3), and locate the hazard class of the material.
b. If more than one class is shown for the proper shipping name, determine the proper class by

definition.
c. If the materials have more than one hazard, classify the material based on the order of hazards in

49 CFR 173.2. .

STEP 3 - SELECT THE PROPER IDENTIFICATION NUMBERS.
a. Refer to the Table, 49 CFR 172.101, Column (3a), and select the Identification Number (10) that

corresponds to the proper shipping name and hazard class.
b. Enter the 10 number(s) on the shipping papers and display them, as required, on packagings,

placards and/or orange panels.

STEP 4 - DETERMINE THE MODE'S) OF TRANSPORT TO ULTIMATE DESTINATION.
a. As a shipper, you must assure yourself that the shipment complies with various modal

requirements.
b. The modal requirements may affect the following: (1) Packaging; (2) Quantity per Package;

(3) Marking; (4) Labeling; (5) Shipping Papers; and (6) Certification.

STEP 5 - SELECT THE PROPER LABEL'S) AND APPLY AS REQUIRED.
a. Refer to the Table, 49 CFR 172.101, Column (4) for required labels.
b. For details on labeling refer to (1) Additional Labels, 49 CFR 172.402; (2) Placement of Labels,

49 CFR 172.406; (3) Packagings (Mixed or Consolidated), 49 CFR 172.404(a) and (h);
(4) Packages Containing Samples, 49 CFR 172.402(h); (5) Radioactive Materials, 49 CFR 172.403;
and (6) Authorized Label Modifications, 49 CFR 172.405.

STEP 6 - DETERMINE AND SELECT THE PROPER PACKAGES.
a. Refer to the Table, 49 CFR 172.101, Column (5a) for exceptions and Column (5b) for specification

packagings. Consider the following when selecting an authorized package: Quantity per Package;
Cushioning Material, if required; Proper Closure and Reinforcement; Proper Pressure; Outage; etc.,
as required. .

b. If packaged by a prior shipper, make sure the packaging is correct and in proper condition for
transportation.
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ATTACHMENT D (Continued)
GUIDE FOR HAZARDOUS MATERIALS SHIPPERS

STEP 7 - MARK THE PACKAGING (INCLUDING OVERPACKS).
a. Apply the required markings (49 CFR 172.300); Proper shipping name and 10 number, when

required (49 CFR 172.301); Name and address of Consignee or Consignor (49 CFR 172.306).
b. For details and other required markings, see 49 CFR 172.300 through 172.338.

STEP 8 - PREPARE THE SHIPPING PAPERS.
a. The basic requirements for preparing shipping papers include Proper Shipping Name; Hazard

Class; ID Number; Total Quantity; Shipper's Certification; and Emergency Response Telephone
Number.

b. Make all entries on the shipping papers using the information required and in proper sequence
(49 CFR 172.202).

STEP 9 • CERTIFICATION.
a. Each shipper must certify by printing (manually or mechanically) on the shipping papers that the

materials being offered for shipment are properly classified, described, packaged, marked and
labeled, and in proper condition for transportation according to the applicable DOT Regulations
(49 CFR 172.202).

STEP 10 - LOADING, BLOCKING. AND BRACING. When hazardous materials are loaded into the transport
vehicle or freight container, each package must be loaded, blocked, and braced in accordance with the
requirements for mode of transport.

a. If the shipper loads the freight container or transport vehicle, the shipper is responsible for the
proper loading, blocking, and bracing of the materials.

b. If the carrier does the loading, the carrier is responsible.

STEP 11 - DETERMINE THE PROPER PLACARD(S). Each person who offers hazardous materials for
transportation must determine that the placarding requirements have been met.

a. For Highway, unless the vehicle is already correctly placarded, the shipper must provide the
required placard(s) and required ID number(s) (49 CFR 172.506).

b. For Rail, if loaded by the shipper, the shipper must placard the rail car if placards are required
(49 CFR 172.508).

c. For Air and Water shipments, the shipper has the responsibility to apply the proper placards.

STEP 12 - HAZARDOUS WASTE/HAZARDOUS SUBSTANCE.
a. If the material is classed as a hazardous waste or hazardous substance, most of the above steps

will be applicable.
b. Pertinent Environmental Protection Agency regulations are found in the Code of Federal

Regulations, Title 40, Part 262.

As a final check and before offering the shipment for transportation, visually inspect the shipment. The
shipper should ensure that emergency response information is on the vehicle for transportation of
hazardous materials.

NOTE: This material may be reproduced without special permission from this office.

Revised March 1995.
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HAZARDOUS MATERIALS SHIPPING CHECK LIST

PACKAGING

1. Check DOT 173.24 for appropriate type of package for hazardous substance.

2. Check for container integrity, especially the closure.

3. Check for sufficient absorbent material in package.

4. Check for sample tags and log sheets for each sample and for chain-of-custody record.

SHIPPING PAPERS

1. Check that entries contain only approved DOT abbreviations.

2. Check that entries are in English.

3. Check that hazardous material entries are specially marked to differentiate them from any
nonhazardous materials being sent using same shipping paper.

4. Be careful that all hazardous classes are shown for multiclass materials.

5. Check total amounts by weight, quantity, or other measures used.

6. Check that any limited-quantity exemptions are so designated on the shipping paper.

7. Check that certification is signed by shipper.

8. Make certain driver signs for shipment.

RCRA MANIFEST

1. Check that approved state/federal manifests are prepared.

2. Check that transporter has the following: valid EPA identification number, valid driver's license, valid
vehicle registration, insurance protection, and proper DOT labels for matenals being shipped.

3. Check that destination address is correct.

4. Check that driver knows where shipment is going.

5. Check that the driver is aware of emergency procedures for spills and accidents.

6. Make certain driver signs for shipment.

7. Make certain one copy of executed manifest and shipping document is retained by shipper.
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ATTACHMENT F
DOT SEGREGATION AND SEPARATON CHART

Class or Division Notes 1.1- 13 14 15 16 21 2.2 2.3 23 3 41 42 43 5.1 52 6.1 7 8
12 gas gas liquids liqUids

Zone Zone PG-I only
A* S* ZoneA*

Explosives 11and12 A * * * * * X X X X X X X X X X X X X

Explosives. 13 * * * * * X X X X X X X X X X..
Explosives . 14 * * * * * 0 0 0 0 0 0 0

Very InsenSItive A * * * * * X X X X X X X X X X X X X

explosives .. 1.5

Extremely insensitive * * * * *

explosives ....... 16

Flammable gases .21 X X 0 X X 0 0 0

NOn-toXIC, non- X X

flammable gases.. 2 2

POisonous gas - X X 0 X X X X X X X X X

ZoneA** .. . .... 23

POisonous gas - X X 0 X 0 0 0 0 0 0 0 0

Zone S** .. . ..... 2.3

Flammable liqUids ...... 3 X X 0 X X 0 0 X

Flammable solids.. 4 1 X X X 0 X 0

Spontaneously X X 0 X X 0 X X

combustible

matenals .. .... 4.2

Dangerous-when-wet X X X X 0 X 0

materials. ..... 4.3

OXIdizers .. .... 51 A X X X X 0 0 X 0

Organic peroXIdes.... 5.2 X X X X 0 X 0

POisonous liqUids PG I - X X 0 X 0 X X X X X X X

ZoneA** .......... 6.1

Radioactive matenals 7 X X 0

Corrosive liquids .. 8 X X 0 X X 0 0 X 0 0 0 X

No entry means that the matenals are compatible (have no restrictions)

X These matenals may not be loaded. transported. or stored together in the same vehicle or faCIlity.
o The matenals may not be loaded, transported, or stored together In the same vehicle or faCIlity unless they are separated for

4 feet on all Sides.
* Check the explOSives compatibility chart in 49 CFR 179 848(f)
A Ammonium nitrate fertilizers may be stored WIth DIVISion 1 1 matenals
.. Denotes inhalation hazardous for poisons, consult field team leader or project manager If you encounter a matenal in this dass

1 before shipment.

019611/P Tetra Tech NUS, Inc.
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The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record
forms, logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities.

2.0 SCOPE

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS field
activ~ies, as applicable. Other or additional documents may be required by specific client contracts or
project planning documents.

3.0 GLOSSARY

None

4.0 RESPONSIBILITIES

Project Manager (PM) - The Project Manager is responsible for obtaining hardbound, controlled
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is
responsible for plaCing all field documentation used in site activities (Le., records, field reports, sample
data sheets, field notebooks, and the site logbook) in the project's central file upon the completion of field
work.

Field Operations leader (FOl) - The Field Operations leader is responsible for ensuring that the site
logbook, notebooks, and all appropriate and current forms and field reports Illustrated In this guideline
(and any additional forms required by the contract) are correctly used, accurately filled out, and completed
in the required time-frame.

5.0 PROCEDURES

5.1 Site Logbook

5.1.1 General

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite
activities are documented. At a minimum, the following activities/events shall be recorded or referenced
(dally) in the site logbook:

• All field personnel present
• Arrival/departure of site visitors
• Arrival/departure of equipment
• Start and/or completion of borehole, trench, monitoring well installation, etc.
• Daily onsite activities performed each day
• Sample pickup information
• Health and Safety issues (level of protection observed, etc.)
• Weather conditions

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day
that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon
completion of the fieldwork, the site logbook must become part of the project's central file.

019611/P Tetra Tech NUS, Inc
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The following information must be recorded on the cover of each site logbook:

• Project name
• Tetra Tech NUS project number
• Sequential book number
• Start date
• End date

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section
5.2), but must summanze the contents of these other notebooks and refer to specific page locations in
these notebooks for detailed information (where applicable). An example of a typical site logbook entry is
shown in Attachment A.

If measurements are made at any location, the measurements and equipment used must either be
recorded in the site logbook or reference must be made to the field notebook in which the measurements
are recorded (see Attachment A).

All logbook. notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No
erasures are permitted. If an incorrect entry is made. the data shall be crossed out with a single strike
mark, and initialed and dated. At the completion of entries by any indiVidual, the logbook pages used must
be signed and dated. The site logbook must also be signed by the Field Operations Leader at the end of
each day.

5.1.2 Photographs

When movies, slides, or photographs are taken of a site or any monitoring location, they must be
numbered sequentially to correspond to logbook/notebook entries. The name of the photographer, date,
time, site location, site description, and weather conditions must be entered in the logbook/notebook as
the photographs are taken. A series entry may be used for rapid-sequence photographs. The
photographer is not required to record the aperture settings and shutter speeds for photographs taken
within the normal automatic exposure range. However, special lenses, films, filters, and other image
enhancement techniques must be noted in the logbook/notebook. If possible, such techniques shall be
avoided, since they can adversely affect the accuracy of photographs. Chain-of-custody procedures
depend upon the subject matter, type of film, and the processing it requires. Film used for aerial
photography, confidential information, or criminal investigation require chain-of-custody procedures. Once
processed, the slides of photographic prints shall be consecutively numbered and labeled according to the
logbook/notebook descriptions. The site photographs and associated negatives must be docketed into
the project's central file.

5.2 Field Notebooks

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent
field activities conducted directly under their supervision. For example, on large projects with multiple
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist
assigned to oversee a rig must maintain a field notebook.

5.3 Sample Forms

A summary of the forms illustrated in this procedure is shown as the listing of Attachments in the Table of
Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon client

019611/P Tetra Tech NUS. Inc
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approval. Care must be taken to ensure that all essential information can be documented. Guidelines for
completing these forms can be found in the related sampling SOP.

5.3.1

5.3.1.1

Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results

Sample Log Sheet

Sample Log Sheets are used to record specified types of data while sampling. Attachments 8-1 to 8-4
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the
waste source and sample as well as pointing out any problems, difficulties, or irregularities encountered
during sampling. A log sheet must be completed for each sample obtained, including field quality control
(QC) samples.

5.3.1.2 Sample Label

A typical sample label is illustrated in Attachment 8-5. Adhesive labels must be completed and applied to
every sample container. Sample labels can usually be obtained from the appropriate Program source
electronically generated in-house, or are supplied from the laboratory subcontractor.

5.3.1.3 Chain-of-Custody Record Form

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and
accompanies a sample (or group of samples) as they are transferred from person to person. This form
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are
performed on site or off site. One carbonless copy of the completed COC form is retained by the field
crew, one copy is sent to the Project Manager, while the original is sent to the laboratory. The original
(top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and taped inside the lid
of the shipping cooler. If multiple coolers are sent but are included on one COC form, the COC form
should be sent with the first cooler. The COC form should then state how many coolers are included with
that shipment. An example of a Chain-of-Custody Record form is provided as Attachment 8-6. Once the
samples are received at the laboratory, the sample cooler and contents are checked and any problems
are noted on the enclosed COC form (any discrepancies between the sample labels and COC form and
any other problems that are noted are resolved through communication between the laboratory pOint-of
contact and the Tetra Tech NUS Project Manager). The COC form is signed and copied. The laboratory
will retain the copy while the original becomes part of the samples' corresponding analytical data package.

5.3.1.4 Chain-of-Custody Seal

Attachment 8-7 is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part
of a chaln-of-custody process and is used to prevent tampering with samples after they have been
collected in the field and sealed in coolers for transport to the laboratory. The COC seals are signed and
dated by the samplers and affixed across the opening edges of each cooler containing environmental
samples. COC seals may be available from the laboratory; these seals may also be purchased from a
supplier.

5.3.1.5 Field Analytical Log Sheets for Geochemical Parameters

Field Analytical Log Sheets (Attachment 8-8) are used to record geochemical and/or natural attenuation
field test results. Attachments 8-8 (3-page form) should be used when applicable.

019611/P Tetra Tech NUS, Inc
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5.3.2

5.3.2.1

Hydrogeological and Geotechnical Forms

Groundwater Level Measurement Sheet

A groundwater level measurement sheet, shown in Attachment C-1 must be filled out for each round of
water level measurements made at a site.

5.3.2.2 Data Sheet for Pumping Test

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of data
must be recorded, often within a short time period. The pumping test data sheet (Attachment C-2)
facilitates this task by standardizing the data collection format, and allowing the time interval for collection
to be laid out in advance.

5.3.2.3 Packer Test Report Form

A packer test report form shown in Attachment C-3 must be completed for each well upon which a packer
test is conducted.

5.3.2.4 Summary Log of Boring

During the progress of each boring, a log of the materials encountered, operation and driving of casing,
and location of samples must be kept. The Summary Log of Boring, or Boring Log, (Attachment C-4) is
used for this purpose and must be completed for each soil boring performed. In addition, if volatile
organics are monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID or
FlO), these results must be entered on the bOring log at the appropriate depth. The "Remarks" column
can be used to subsequently enter the laboratory sample number, the concentration of key analytical
results, or other pertinent information. This feature allows direct comparison of contaminant
concentrations with soil characteristics.

5.3.2.5 Monitoring Well Construction Details Form

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or
temporary well point installed. This form contains specific information on length and type of well riser pipe
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics.
This information is important in evaluating the performance of the monitoring well, particularly in areas
where water levels show temporal variation, or where there are multiple (immiscible) phases of
contaminants. Depending on the type of monitoring well (in overburden or bedrock), different forms are
used (see Attachments C-5 through C-9). Similar forms are used for flush-mount well completions.

5.3.2.6 Test Pit Log

When a test pit or trench is constructed for Investigative or sampling purposes, a Test Pit Log
(Attachment C-1 0) must be filled out by the responsible field geologist or sampling technician.

5.3.2.7 Miscellaneous Monitoring Well Forms

Monitoring Well Materials Certificate of Conformance (Attachment C-11) should be used as the project
directs to document all materials utilized during each monitoring well installation.

The Monitoring Well Development Record (Attachment C-12) should be used as the project directs to
document all well development activities.

019611/P Tetra Tech NUS, Inc
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5.3.3 Equipment Calibration and Maintenance Form

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the
measurement, and determine if correction should be applied to the readings. Some items of equipment
require frequent calibration, others Infrequent. Some are calibrated by the manufacturer, others by the
user.

Each instrument requiring calibration has its own Equipment Calibration log (Attachment D) which
documents that the manufacturer's instructions were followed for calibration of the equipment, including
frequency and type of standard or calibration device. An Equipment Calibration log must be maintained
for each electronic measuring device used in the field; entries must be made for each day the equipment
is used.

5.4 Field Reports

The primary means of recording onsite actiVities is the site logbook. Other field notebooks may also be
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress.
Furthermore, the field logbook/notebooks remain onslte for extended periods of time and are thus not
accessible for timely review by project management.

5.4.1 Daily Activities Report

To provide timely oversight of onsite contractors, Daily Activities Reports are completed and submitted as
described below.

5.4.1.1 Description

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other
related activities occurnng which involve subcontractor personnel. These sheets summarize the work
performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily
Activities Report).

5.4.1.2 ResponSibilities

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature
acknowledging that the times and quantities of material entered are correct.

5.4.1.3 Submittal and Approval

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations
leader (FOl) for review and filing. The Daily Activities Report is not a formal report and thus requires no
further approval. The DAR reports are retained by the FOl for use in preparing the site logbook and in
preparing weekly status reports for submission to the Project Manager.

5.4.2 Weekly Status Reports

To facilitate timely review by project management, photocopies of logbook/notebook entries may be made
for internal use.

019611/P Tetra Tech NUS, Inc.
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It should be noted that in addition to the summaries described herein, other summary reports may also be
contractually required. Attachment F is an example of a Field Trip Summary Report form.

6.0 ATTACHMENTS

Attachment A
Attachment B-1
Attachment B-2
Attachment B-3
Attachment B-4
Attachment B-5
Attachment B-6
Attachment B-7
Attachment B-8
Attachment C-1
Attachment C-2
Attachment C-3
Attachment C-4
Attachment C-5
Attachment C-5A
Attachment C-6
Attachment C-7
Attachment C-8

Attachment C-9

Attachment C-1 0
Attachment C-11
Attachment C-12
Attachment D
Attachment E
Attachment F
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ATTACHMENT A
TYPICAL SITE LOGBOOK ENTRY

START TIME: DATE:
\

SITE LEADER:
PERSONNEL:

TtNUS DRILLER SITE VISITORS

WEATHER: Clear, 68°F, 2-5 mph wind from SE

ACTIVITIES:

1. Steam jenney and fire hoses were set up.

2. Drilling activities at well __ resumes. Rig geologist was . See Geologist's
Notebook, No.1, page 29-30, for details of drilling activity. Sample No. 123-21-S4 collected;
see sample logbook, page 42. Drilling activities completed at 11 :50 and a 4-inch stainless
steel well installed. See Geologist's Notebook, No.1, page 31, and well construction details
forwell _

3. Drilling rig No.2 steam-cleaned at decontamination pit. Then set up at location of
well _

4. Well drilled. Rig geologist was . See Geologist's Notebook,
No.2, page __ for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2,
and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45.

5. Well __ was developed. Seven 55-gallon drums were filled in the flushing stage. The well
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped
from well was "sand free."

6. EPA remedial project manger arrives on site at 14:25 hours.

7. Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up
over test pit _

8. Test pit dug with cuttings placed in dump truck. Rig geologist was
See Geologist's Notebook, No.1, page 32, for details of test pit

activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to
shallow groundwater table, filling in of test pit _ resulted in a very soft and wet area. A
mound was developed and the area roped off.

9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked.

Field Operations Leader

019611/P Tetra Tech NUS, Inc
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AITACHMENT B·1

GROUNDWATER SAMPLE LOG SHEET

Page of

Project Site Name:
Project No.:

DDomestic Well Data
DMonitoring Well Data
DOther Well Type:
DQA Sample Type:

Sample 10 No.:
Sample Location: _
Sampled By:
C.O.C.No.:
Type of Sample:
DLow Concentration
DHigh Concentration

019611/P

SA"'~~INq.o~;t'~r"i~fiiiJl'~M~'~I;i".ir:!ifi:~%;:!l~~i,~~H]m~_il~1l1l1~im~9i1":~\f:',\iI'J~~n:E!~~j~,6W~~,!Wm!:!i~f1~l:m!i~~Et;~!~~~~~1!~,~"mij,

Date: Color pH S.C. Temp. Turbidity DO Salinity Other
Time: (VIsual) IS U.) (mS/cm) fie) /NTUJ Iffil!:/IJ (%)

Method:

P,1,!'lG..E!D~!~ll1~~t~!1IM1~~i$WJ$iI~II~~~iji$l\it~!i~~jti'll>1~m.M~ID·;ij~g,'~lil:J~,r!1L!m!\!i\:lrnl\;il!f,mJi!~~m:I!i~~lIil1!murl!~tth',jf!J]

Date: Volume pH S.C. Temp. Turbidity DO Salinity Other

Method:

Monitor Readlng (ppm):

Iwell Casing Diameter & Matertal

lType:

Total Well Depth (TO):

Static Water level (WL):

One CasIng Volume(gal/l.):

Start Purge (hI'S):

End Purge (hrs):

Total Purge Time (mlnl:
Total Vol. Purged (gaVL):

S~'IIJ:~E..C9l~'i.~!lqN)t:.lf.ORMAl191)1_:~J:::~'3&mlll!fi'ill~~M1~iJmt:~~U!1:~~£\llf1i~If.t~~li:i1l!EI:f,tf~~Il:ijj)!fm!~llijlll!ie'~~l~:'_lilil~~il§lilIl

Analysis Preservative Container RequIrements Collected

I1lf~I!!"it~PIl!!C""!!~=i!.i.:'j:;:<!,l1JflJ~f,'"~j~~~m~tm'J'ijl:$flf~i2il.'l\i~~Ilml~f,G~11~~!lma:: Signature(s):
MSIMSD Duplicate 10 Mo.:

Tetra Tech NUS, Inc.
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ATIACHMENT B-2

[Th) Tetra Tech NUS, Inc. SURFACE WATER SAMPLE LOG SHEET

Page of

Project Site Name: Sample 10 No.:

Project No.: Sample Location:
Sampled By:

D Stream C.O.C.No.:

D Spring

D Pond Type of Sample:

D Lake D Low Concentration

D Other: D High Concentration

D QA Sample Type:

$~~Rl!Jf'!G'::D~1i~:~~~~~~ilil'\e;rf!,~]~Th;,:~~iIJ~~~~f~!~!~~~,!rJ!!'~~~~!lr~!~!1£~~1;1:~Iil,~~!il~~1iI~:I@1ilr~~~l~~~f,lii!S~~t1l~J1l'l~jll:~~Jl.jl!ii1~~l~~~!~.I~!~J~1

Date: Color pH S.C. Temp. Turbidity DO Salinity Other

nme: (VIsual) (S.U.) (mS/em) fe) (NnIJ (ml!/ll ('Ill)

Depth:
Method:

,S,~M.~~E!~0,!-~J:~~IQ~",'NF;9r:lM.6;ll,Q,~;~~1~!i&l:!llftll!l!lIJ~I~~f,fi~;iif~;j~~~~m~~1~1~,j~.l'~1ll~11~'~!6m1i3lIm1~'!r~il;~lml~tlilJdll;I'J
Analysts Preservative Container Requirements Collected

QBS.EJ,iY;A'J,IQt!I~Y.Ji~_Q1i.E~~Ji.(~~t~l~i~l,~m:~iri~!lJl:Mli1tfB!ml~;f;:IJ"~·MAP.lIlI!!lt·'iffl1"'!'iI~~!!in~~~T'r~~"iliJt,1i!!~~II!M1rI.ll~mlii,:1'" ~,~ ~ t ~~H~'il!'~:.. > ri ~I, ~L.f;~lt ~II I ~I'! '. I,J ~ ~I I~ '. M m a

~!r;~.!e! i'jf~pp.llC'C1~ 'i!:JI,I~:~t1jIB;~~ic~~j':I~~ft!il~lm!l!lIEtElili~r{1::'i~t~~,I~~iKfj¥. Signature(s):
MSIMSD IOUplicats ID No.:

019611/P
Tetra Tech NUS, Inc
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1 01/00

ATIACHMENT B-3

[1t:) Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET

Page of

Project Site Name: Sample 10 No.:
Project No.: Sample Location:

Sampled By:
D Surface 60n C.O.C.No.:
D Subsurface Soil
D Sediment Type of Sample:
D Other: D Low Concentration
DQA Sample Type: D High Concentration

GRA~:SI;iM~I!:E~l?~TM;tfm11~i.lM~Fmi:i:!:~'~I&!I?~11~~D!Jir.;~I1!Jjlli~:;f;t~l!i:I;l!1l&I;:m11tfJ:~mlW",~lll'J,I~~9ffil,~J·~I;~~,5\Nl~r;f~Jim,:Jj~:~f-l:~~]I:W

Date: Depth Interval Color Description (Sand, Silt, Clay, Moisture, etc.)
!TIme:
Mathod:
Monitor Readlf19 (ppm):

C,QMpOS.IJEJ!?~Mpl!~~D~;r4ii6~fjjJ'!Kii~fl;ii'J~":1:;.~ml~W,fd~!ii1f!tit\;i~:'~IX!S~tf~~1rJ~~li~,~(1:i:lJ~~IiIi1Jj~~i~1l1!1:~I~j!'m\ltY~,~!ii~~~'li~!$<;rf:<!i

Data: Time Depth Interval Color Description (Sand, SIlt, Clay, Moisture, etc.)

Malhod'

MonItor Readings

(Ranga In ppm):

MMftL:E·C<QI;~~~:TJQ."J!.~~08.M-·~J,q~A1B:illif.ill1~t;Il1;~itltn·&itrll~r~!~:l'f~ire_:J;:~:!~I~~nilJi~',lll~I~Il!i!1~J!l;'/'i~~~~nl"Jii'l~~il,

Analysis Container Requirements Collected Other

P'B.SEJ1Y~:r,IQN~:':IQ:rES:.J!r.J,lli~IE~li'lri·~m'i\.l!lJ21IJi\'fi'r~~!\P1,\~1oTI~J~j~l:llr:t M~r,;m~J~~i'icr~~,~It1ll1in1Jf.liiJlCli!.fim!~j~'l;jii~'lIiIIf1

!=,lrcl~Jlf,rApl?ll,cl!jll!!:~W~\ll~FI~~Jll~!ii;!~illf~il~lllttlliWr-'lk.1l~~im'M3'!~~!'.~~~ Signature(s):

MSIMSD Duplicate ID No.:

019611/P Tetra Tech NUS, Inc
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ATTACHMENT 8-4

Page

13 of 37

Effecbve Date

01/00

[-n:l...Tooh NUS, 1M

CONTAINER SAMPLE & INSPECTION SHEET

Page of

Project Site Name: Sample ID No. _
Project Number: Sampled By: _
Site Identification: C.O.C No _
Container Number(s): Concentration. 0 High
Sample Type: 0 Grab 0 Medium

o Composite 0 Low

:~:e(;jNrAINE;it,:,sOl:H~eE;~ ;~.' :-~.; !~.eJN]~,INE~i;::D~E5CRI:ptlCi:fNl;~,~~,~:
1~"'",I·r~,-,,, ......_.~~11 • ~_ ..... ,~"'_~ -p • ~ "'~" ~.~"'...I, ~1!"'__"'",-~ ,_ - "-...,,,~,_l::-_~_,:._~_.l ',LU' ,,, ,'I _~,... ,...~".....~.. " ,-, ,

DRUM:
0 Bung Top COLOR:

0 Lever Lock

0 Bolted Ring

0 Other CONDITION:

TANK: MARKINGS:

0 Plastic

0 Metal

0 other VOL OF CONTENTS:

OTHER: OTHER:

SAMPLED: _ SINGLE PHASED: _

OPENED BUT NOT SAMPLED:
Reason _ MULTIPHASE :

Layer 1 Layer 2 Layer 3

NOT OPENED:
Reason _

Phase (Sol. or Uq.)
Color __
Viscosity L M or H
% of Total Volume __

L MorH L MorH

;t;;Z'~~~{~I;MP!'lITQR!;~~E:ADJN~'1n~f.:, f! ~;~?'!1,~SA.M~l:E;''QIid;{or.. INSREQJJl:l>.r:.IiQAl~j&vT.IME::~~~;;:~ii:
____________HRS.

METHOD:

019611/P Tetra Tech NUS, Inc.
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AITACHMENT 8-5

Tetra Tech NUS,lnc. Project:

~
661 Andersen Drive Site:Pittsburgh, 15220
(412)921-7090 Location:

Sample No: Matrix:

Date: Time: Preserve:

Analysis:

Sampled by: Laboratory:

019611/P Tetra Tech NUS. Inc
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~ TETRA TECH NUS, INC. I NUMBER I
"TI

CHAIN OF CUSTODY PAGE-- OF-- m
r

PROJECT NO: ISITE NAME' PROJECT MANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT. 0
0SAMPLERS (SIGNATURE) FIELD OPERAnONS LEADER AND PHONE NUMBER ADDRESS 0
()

CARRIERIWAYBILL NUMBER CITY, STATE C
s::
m

CONTAINER TYPE / // / / / 7 / Z
PLASnC (PI or GLASS tGI -l

STANDARD TAT D
PRESERVAnVE ////777// ~RUSH TAT Dn 24 hr. 1'1 48 hr. D 72 hr. D 7e1av D 14 day USED 6

III

#~ Z
z

a:
wz
~z ~~§:~
0

>< 0

ii: CD'" ...
~a: 0
o(~ nME ~ ~~ ,;

~
c> SAMPLEID :I 1:)0 Z ;:0 Z

(1) cs 3
» !a c:r

0 ~(") ::l
Z
s:: .... (f)

»m ,
Z en
-l W
OJ
I

en

- m 1J
::l: IIIg (Q

(1)

<
1 RELINQUISHED BY DATE TIME 1 RECEIVED BY DATE TIME (1)

oat ....
2 RELINQUISHED BY DATE TIME 2 RECEIVED BY DATE TIME .... - c.n-..(1)

0 0
3 RELINQUISHED BY DATE TIME 3 RECEIVED BY DATE TIME 0 -W
COMMENTS

-..j

DISTRIBUTION WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) PINK (FILE COPY) 3/99
FORM NO TINUS-001
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ATIACHMENT 8-7

CHAIN·OF·CUSTODY SEAL

e.lnl8uDIS CUSTODY SEAL
el8Q Diti

'''38 AaO~SnO SIgnature

019611/P Tetra Tech NUS, Inc.
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ATTACHMENT B·8

~ FIELD ANALVTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Tetra Tech NUS. Inc Page of

Prolect Site Name: Sample ID No.:

Proiect No.: Sample Location:

SamoledBv: Duplicate: 0
Field Analvst: Blank: 0
Field Form Checked as per QAlQC Checklist (Initials):

~AMPrLING,DAl~~r$4.~~H{f'il:.s<·;f~r~~iltiP ta,~W:~~~·~,'~~~t;~~~~~t~:I!l:~~~~~i!i).r#k~~;rru~~l':ttt~~~~~~~l~~iit;t~M4:~~~~ icfL~~~~~!i~i[it~~i ':~l~~~i~~~~:lliP

Date. Color pH S.C. Temp. Turbidity DO Salinity Other

Time (VlsuaU (5.UI (mS/cm) I"C) (Nn.J) htU!/U (%)

Method

ISAM!'J'E::cqUE.~1;IOWANAlYl?I!>llt'lF.ORMATj9~:l'~:mRl'; 1,ii'ilan~n'lffl<"1}'!!·ni:1i~~lln~:;:il'iI:f~~II,~'nt~li';:lil'~i~m~'i*l~;it'Mi~tI!ll!!tHl!!,'r.grf:'Jl!~';'!1'I.l

ORP (Eh) (+/- mv): Electrode Make & Model

Reference Electrode (circle one) Sllver·Sllver Chlonde I Calomel I Hydrogen

Dissolved Oxygen:

EquIpment· HACH Otgltal Tltrator OX-OT CHEMetrics (Range: ___mglL) AnalySIs Time'

Range Used' Range SampleYol Car1ndge MuU,ploer rrtratlon Count MuUlpI,er I Concentration

1-5 mg/l 200ml 0200N 001 1l0.01 = mgIL

2·10 mg/l 100ml 0.200 N 002 1l0.02 = mgIL

CHEMetrics: -mgIL

Notes:

Alkalinity: AnalySIS Time:

Equipment HACH DIgital Trtrator Al·DT CHEMelrics (Range. ___mglL) FIUered. 0
Range Used Range Sample VoL Cartndge Muilipher Trtrat"," Count Multip6er I ConcentratIOn

10-40mg/l l00ml o 1600N 01 & 1101 = mall

4Cl-160 mgIL 25ml o 1600N 0.4 & 1l0.4 = mall

10().400 mall 100ml 1600N 1.0 & 1110 = mall

200·800 mgIL 50ml 1600N 20 & 112.0 = rnaIL

500-2000 mgIL 20 mI 1600N 5.0 & 115.0 = mgIL

1000-4000 mgIL 10ml 1.600 N 10.0 & 11100 = mgIL

Parameter. Hvdroxlde I Carbonate
, Bicarbonate

RelationshIp:

CHEMetrics: ___mgIL

Notes'

Siandard AdditiOns' 0 Tilrant Molarity· Digits ReqUired 181.: 2nd.' 3rd:

Carbon Dioxide:

Equipment HACH 0191181 Tltrator CA-DT CHEMetncs (Range: ___mglL) AnalysIS TIme:

Ralllle Used. Ranoe Sample Yol Car1ndae Multlpher Titration Count I Concentrabon

0 10-50 mall 200ml 03636N 01 II 0.1 = rnaIL

2Cl-l00 mgIL l00ml 03636 N 02 1l0.2 = mgIl

10().400 mgIL 200ml 3636 N 1.0 111.0 = mgIL

0 200-1000 mgIL 100ml 3636 N 2.0 112.0 = mgIl

CHEMetncs: ___mgIl

Notes:

Standard Addrtlons: [] Trtrant Molarity: Dtgils Required' 1st: 2nd.: 3rd.·

019611/P
Tetra Tech NUS, Inc
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ATTACHMENT 8-8 (Continued)

~ FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page of

Project Site Name: Sample 10 No.:

Project No.: Sample Location:

Sampled By: Duplicate: 0
Field Analvst: Blank: 0
Field Form Checked as per QAJQC Checklist (initials): I I

SAMP.~E CQl!l!E~lIONlANAI.:YSIS'INF,O~RMATION:~i:lttjlir~"~,~~~~Ht:-j'l~t.~'~~~1~~~fJ..~fP;'~U!~:t~\~~~'~~~ftl~~~~;~~~~~~i'rr~r~]~~~i~i'$:~;;~~J,j~t1'~11~jjn1~rtEi~

Sulfide (521:
EqUIpment DR·700 DR-8 -- HS·WR Color Wheel Other: Analysis Time:

ProgramIModule: 610nm 93

Concentreban: mgll Filtered. 0
Notes:

Sulfate (504
21:

Equipment: DR·700 DR-8 -- Other. Analysis Time:

ProgramIModule 91

Concenlrebon: mgll Filtered: 0

Standard Solution: 0 Results

Standard Additions: 0 Digits Required' 0.1m1:___ 0.2m1:___ 0.3m1:___

Notes'

Nitrite (N02'-N): AnalysIs Time:

Equipment: DR·700 DR-8 __ Other: Filtered: 0
ProgramIModUIe' 60

Concentration: mgll Reagent Blank Correcllon: 0
Standard Solution: 0 Results: 0

Notes'

Nitrate (N03'-N): AnalysIS Time:

Equipment DR,700 DR-8 __ Other Filtered: 0
ProgremIModule: 55

Concentration. mgll

Nrtnle Interference Treatment: 0
Standard Solution: 0 Results: Reagent Blank Correction:D
Standard Additions: 0 Digits Required: O.1ml:___ 02m1~03m1:___

Notes

0196111P Tetra Tech NUS, Inc
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ATTACHMENT 8-8 (Continued)

~ FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page of

Project Site Name: Sample 10 No.:

Proiect No.: Sample Location:

Sampled By: Duplicate: 0
Field Analyst. Blank: 0
Field Form Checked as per QAJQC Checklist (Initials): I I

SAMB~E~~.o,LCEGTIONJ!'oN~~¥SIS~~fiqRM~J..o~:nefr ~~11~~!~~~MI!!'F;~~'~l6t~lgl:~~J~ij PEj~:!~tP~·.~,:Jllf~ ~;~~~~&1r,~ r~'~ titrl~ljJ~!12~,:~jjlt~~~i!~ ~~~:~~~1ktt~~:1

Manganese (Mn2
,:

Equipment: DR·700 DR-8 -- HACHMN·5 Other: AnalYSis Time:

ProgramIModule: 525nm 41

Concentraboo' mgIl. Rltered: 0
Dlgesbon: 0

Standard Solution: 0 Resu/ls: Reagent Blank Correction. 0
Standard Additions: 0 Dlgrts Required: O.lml ___ 0.2m1:___O.3ml:___

Notes:

Ferrous Iron (Fe21:
Equipment. DR·700 DR·8 __ IR·18C Color Wheel Other: Analysis TIme.

ProgramlModule. 500nm 33

Concentrabon: mgIL Rltered: D
Notes'

Hydrogen Sulfide (H2S):

Equipment H8-C Other: Analysis TIme:

Concentretion: mgIL Exceeded 5.0 mgIL range on color chart: 0
Notes

OAlOC Checklist:

All data fields have been completed as necessary: D
Correct measurement units are crted 10 the SAMPLING DATA block: 0
Values Cited In the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: 0
Mulitplication is correct for each Multiplier table: D
Final calulated concentration IS within the appropriate Range Used block: 0
Alkalinity RelationshIp IS determined appropriatly as per manufacturer (HACH) Instructions: 0
OAtOC sample (e.g., Std. Additions, etc.) frequency is appropriate as per the project planning documents: 0
Nitrite Interference treatment was used lor Nitrate test if Nitrite was detected: 0
Trtle block on each page of form is imtiallzed by person who performed this OAtOC Checklist: 0

019611/P Tetra Tech NUS, Inc.
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ATTACHMENT C·1
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET

(-n:}en TechNUS,lnc GROUNDWATER LEVEL MEASQREMENT SBEET

Project Name: Project No.:

Location: Personnel:

Weather Conditions: Measuring Devi:..:.::c.=.e::-- ----1

Tidally Infiuenced: Yes No Remarks:

019611/P

• AI rneoauernenb to tho noarost 0.01 foot

Page_of__

Tetra Tech NUS, Inc.
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[-w:t:] Tetra Tech NUS. Inc

ATTACHMENT C·2
EXAMPLE PUMPING TEST DATA SHEET

PUMPING TEST DATA SHEET

PROJECT NAME
PROJECT NUMBER: --------
[) PUMPING TEST
-- --------_.. ---- ._-----

PUMPING WELL NUMBER
MEASURED WELL NUMBER:

[) STEP DRAW DOWN TEST
---_._._----- ...-

._----

.-f-.

~TE(~L .____ _ ~~~~9RU·~G PQI"!1.:.._. _ .• . __ _ _

MEASUREMENT~~_HOD _.__. .. .__ _ _.DE.PI.t!.~R~Ec,,:T10N (ft) . . . . _

~~~T NUMBE~ ... •• _ _ . _ ._. ~!:l~_P.§~TTING (Ft _~~~m..?'!..rt.~':.'ng.point):. . __

~.I~:D~WATER..!-~_~flL.. ._. __. DISTAN.CE FROM PUMPING WEll ('!! .... ._.
f,P.=E::.;R::::S.:::O;..:N;..:N:=;El=-- . _. _

F-R.:::E::.:MAR=....::..::..:K::::S ._ _ _

CORRECTION
(Ft.)

rl,,,"/'

DRAW
DOWN OR PUMPING

RECOVERY RATE (GPM)
" (Ft)

FLOW
METER
R~DI,NG

(Gals) ,:
"~lt~' ~ 'j'l ..

REMARKS

"I. II" ~v.. ~I'l '.

I ~ _:::Il~~: "~:~.::l~~:~:;~:;i~~; ::~;:~;~:;

NOTE All measurements to nearest 0 01 foot measured from top of well riser pipe unless othelWlse noted.

019611/P Tetra Tech NUS, Inc.
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ATTACHMENT C-3
"T1
m

PACKER TEST REPORT FORM r
0
0
0

PROJECT: PROJECT NO.: reST NO: PAGE __ Of __ ()
C

BORING NO.: CASING DEPTH: CONTRACTOR: STATIC WATER LEVEL s:
TEST INTERVAL: BY: CHECKED: PACKER PRESSURE m

Z
Fl_Ttst c.kuleted """ItI TlI'(_"'*

_...... -l

I!Imll 6_. 6flow,
_....

arr.i'l~ . -'(psi) ~
~ "- H,' ~. ~

!!. Hp. ~-z= .ood.. ,fat (:a II 1"1 I JI I (}Ilo,tfl) C9 £C",,"l- COQIH

1
1

6tgolImool 01""") ,,--t z
l H••

110M!

~. ._~- 21Ho"
IIMlj

-:"

~
~

;0 Z
~'e(k.r -l ro c:» :s 3

t n '" C'

::I: 0 ~~

3:
L. m ...... en

(f•••) z »
I

+
-t a>
n w

~
•W

~Pecke,

111 ~
;;ElIilIYIlih

r.

- -, 1- IlHtI

'"....,..- ~1II"'1t
,..._
....... ,. o. n ..

CP. (Il(h llllol UrI (70.3' 551 . HIlS used whe<1 the tnt IMOth " ~Io.. tM ..at" tabl, lII, 1""·1 UI,·, en
7 ClGellonl = 'flJ Hilt used ..hltfl the last length il above ch, ..at., labl. , .,... "'" n... Ill.. m "1J

~
til11"'.2Jlflheed 0 .... I .... .... ". co

Remarkl · .- .... .- .... ro
• .- .... .... ... <
• ... .... .- ,- ro.. .... ..... "" ,- oar l\.)

L!! ..... ,.. - •• ...... - l\.)......ro
0 0
0 -W.....
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23 of 37
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BORING LOG[1=1::1Tetra Tech NUS, Inc.

PROJECT NAME:
PROJECT NUMBER:
DRILLING COMPANY: _

DRILLING RIG:

ATTACHMENT C-4

Page_of_

BORING No.: _

DATE:
GEOLOGIST: _

DRILLER:

MATERIAL DESCRIPTION PID'RO R_lIng (ppm)

Som" O",h
No. (Pl.)

and or
ypoOl Run
ROD No

Remarks

v

1/

1/

1/

• When rock coring. enter rock brokeness

.. Include monitor readllQ In 6 foot mtervals @ borehole Increase reading frequency WeleYated reponse reed
Remarks: _

Drilling Area
Background (ppm)'c::J

Converted to Well:

019611/P

Yes No _ Welll.D #: _

Tetra Tech NUS, Inc.
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UNifIED SOIL ClASSIfICAl101l(USCSj r
COARSE-GRAJNED SOIlS RNE-GRAINED SOILS 0

U<n Than Hat 01_Is URGER Than No, 200 Slew SIze U<n Than HalIoI_. SMALLER Than No 100 SOM Size 0
FIELD IOENT1fICATlON PROCEDURES GRQU TYPICAl NAMES RElO IOENTlFICATION PROCEDURES GROU TYPICAl NAMES 0

lEmldI"'l-' Larger Than JInc!les lOld BaslnvF_on EIlImalo<l P (E.tcludlng PlItcIeI Larver Thin Jinctlel ancl BasI"'l_ on Es6Toa1Bd P ()
WIIlghIo SYMB Welgl1tll SYMB C01. OL s::1de_Pn>c_onFrICllonSmailw1llan No 4OSlo.. SIze

DAY STREHG1Il DILATANCY TOlJGI«lESS m
(Ouslung <ReIClIontl (ConslslilrcyNea- Z

C1w_) Sh.m;) -umo
~GRAvelS a.EAN WIde range In pn Iize Illd r;N

W"~II'Mb.IlI'___ SllTSAHO NonetlSlglll QulcktlSlow None Ml lnorp'oIcollsllld""l'tne_rocklour,oIlyor
(51l%(<j>1/4"e GRAvelS (low oubolanllal_oIalIlnl,n",chatll &Uleornoftnes. CLAYS dll'flYlnelilldswlllllig/llpll5ll<ly

6"Anes) pll1lcle clus. Uquld Unit <50

ProdolnJmily 'Ill Iize or • ran", 01 GP PooIty pIId 1lI'MIs. gnlYIkand Madiumtl!igh NoneIDVery - a. InorgBlic clays cliow ID n-..cium p1~,11I*Y Z_0111"""'_ ..... _liIIeornofinls Slow cIBJI, undy cIBJI, oily doys,ieon doys.
nisoI"'l

GRAVElS No~ lInIo (b'1_ GM SiIy~poorlylll'_~oIII SIglIItl Uecillll Slow Shvht 01. QrgonIc sills ancl 0f9IIli: oIklap cliow~
WIFINES pn>eed1nS.... Ml) -(HI;h %fineo)

I'Ia* liiio (b' -- GC 08l0J~. poorly gfIlIod gr;MlkIlld- SllTSANO SIglIIIDUeciIlll SIowIDNone SlIglIIIDUeciIlll MH lnorvri: ol1Io, rra:..ou. or dJmnacoo<Io I",
procod......... a.1 claylriltureo. ClAYS "'clr or oily lOi'. lIIostie_

UquldlJnil>5D
SANDS ClEANSANQS WJdD range n grwn SlZI and 'ilII Wei grIdocI-' grI'lIIly_1iIIe or HIgh IDVery HgII None HIgh CH Il1OIVlri:claysollugllPIasticlty.lalc1BJ1,

~ ;:0 Z
5O%{",!,1/4". (low %Anesl substllnll"lIllClWds ateI_ nollnls.

~
c:

pa1ide 5Il1S -t 3
_""'OIlIlIlOor 'rBIl!II 01 SP Poorly pIId _ gravely sands. iIlIlI Modium tl HIgh NoneIDVery SIIghlIDMldlum ON 0Iv1n1c days of medllIIl tl highp1~ » UI r::T

0 !!l.... wll1"""'_ ..... ornom Slow n :J
nioIIng ::I:

SANDS WIRNES No~ liiio (b'-- SM Silly 1iIlds, poorty IlI'adId sancl-olll HIGHLY R..elly _Id by color. odor, _ IoeIlOld hquonlly by PI Ptaland -orv",c oois :s:: ..... en
(HgII" flnool pnlCOll......... MCl) """"" ORGANIC ftllrous IIDlln »

SOILS m I
0>1'1_ Ineo lfo< 1- SC Clayey -. poorly IlI'adId oand-clay Z WpnlCOll"..... CLI nile..... -t

Ilounda-ycl_ Sob posoesoIng dla'acllltllllcl cllWO-.n doslgnatld by oomIIining _ oyndlols. for IlJITllIo, r;N-GC, oeIIllI'ldod wmI-__WlIlday_ nAI ,ioIoo_onllloscllartn US _-.I
~-OENSITY OF GRAIUAR SOILS CONSISTENCY OF COHESIVE SOILS n

DESIGNATION STANDARD PENETRATION CONSISTENCY UNC COMPRESSIVE STANDARD fiELD IDENTIFICATION METHODS 0
RESlSTANCE, STRENGTH PENETRATION ~
BLO\YSR)()T (TON&SllFTI RESlSTANCE -BLows.roClT 5'

Veryloooo (l.4 very SoIl less than 0 25 OID2 Easly_alId ......." IneIlI. byllot C
ltloso 5010 SoIl 0251D050 21D4 Easiy ponetrJlI<I_ nches by I1I11lb CD

Q.
_ltloso 11·30 _Stiff 05DID 10 41D8 can bI p01I'~d .....al ",hoi by_ -lle... 31·50 Stiff 101D20 8ID15 R,a01y_by_

Veryllense OYer 50 I'efyStiff 101D40 151D30 RuciIy-by-
Hard MortltlaniO 0...30 In_dW!dldllllcullrby_aIl

~
1J
Q)

~ III 10
Cll

ROCK HARDNESS (FRCJ,l OOlE SAMPLES) ROCK BROKENESS a
<
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ATTACHMENT C-5
EXAMPLE OVERBURDEN MONITORING WELL SHEET

BORING NO.:

(~l OVERBURDEN
MONITORING WELL SHEET

DRILLER
PROJECT LOCATION DRILUNG
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST METHOD

ELEVATION OF TOP OF SURFACE CASING.. ELEVATION OF TOP OF RISER PIPE:
.---

STICK· UP TOP OF SURFACE CASING

GROUND STICK - UP RISER PIPE.

ELEVATION ~ t-.."..
TYPE OFSURFACE SEAL:

~ ~
, D. OF SURFACE CASING:
TYPE OF SURFACE CASING'

RISER PIPE 1.0.
TYPE OF RISER PiPE'

BOREHOLE DIAMETER:

TYPE OF BACKFILL:

ELEVATION I DEPTH TOPOF SEAL: I

TYPE OF SEAL:

DEPTH TOP OF SAND PACK:

ELEVATION I DEPTH TOP OF SCREEN: I-- TYPE OF SCREEN:-- SLOT SIZE x LENGTH:--- 1.0. OF SCREEN:----- TYPE OF SAND PACK:----
ELEVATION I DEPTH BOTTOM OF SCREEN: I
ELEVATION I DEPTH BOTTOM OF SAND PACK: I
TYPE OF BACKFILL BELOW OBSERVATION
WELL:

elEVATION I DEPTH OF HOLE: I

019611/P Tetra Tech NUS. Inc
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ATTACHMENT C-5A
EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT)

BORING NO.: -----I

MO~ITQB.I~~~'-Ell SHEE~_.

LOCATION _
BORING _
DATE _

PROJECT _
PROJECT NO. _
ELEVATION _
FIELD GEOLOGIST _

DRILLER _

DRILLING

METHOD------
DEVELOPMENT
METHOD

flusl'l mount
surface cosinq~
.,,\1\ lock~

~Ground

, [I......,.'on____ ./ EVATION TOP OF RISE:R:

1-1~----'~:=-~-::'7~~;;::;;;:::2crrr-::·:::-:::"-.-71 TYPE OF SURFACE SEAl.: _

rA ;--+TYPE Of PROTECTlVE: CASING: _
1.0. OF PROTECTIVE: CASING _

";---I-OIAMETER OF HOLE:-----------

~
E-ot----+-T't'PE OF RISER PIPE: _

RISER PIPE 1.0.: _

v.....--+-TYPE. Of BAO<fllL/SEAL: _

OEPlli/ELEVA110N TOP or SCREEN:

r-l----+-OEP"fH/El-EVATlON TOP OF SAND:

SLOT SI'ZE " LENGTH: -----------

rIPE OF SCREEN: _

I

I

I

I

I

I.:
l:~ :':1
I,' j
(: ~,I
t,. '. •
1':' ="1
r· - 1."1.::: =~'I
l~ =",:1
F =:-l
I'~: =.:~
j'; =:.::'!,--+TYPE OF SANO PACK, ----------

r:- =~Ii.;. =:j OIAMETER OF HOLE IN BEDROCK: _

r;, =~'l ............- ~OEP1li/ELEVA TlON eOTTOU OF SCREEN:

"."•.;:.~ DEPTH/ELEVAliON BOTTOM OF SAND:

~·(::::n---~OEP1li/ElEVAllOHBOTTOM OF HOLE.:
~ BACKFILL MATERIAL BELOW SAND:

019611/P Tetra Tech NUS, Inc
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ATTACHMENT C-6
EXAMPLE CONFINING LAYER MONITORING WELL SHEET

BORING NO.: _

CONFINING LAYER
MONITORING WELL SHEET

LOCATION _
BORING _
DATE _

PROJECT _
PROJECT NO. _
ELEVATION _
FIELD GEOLOG1ST _

DRILLER _

DRILLING

METHOD------_
DEVELOPMENT
METHOD

019611/P

GROUND
ELEVATION

.-..r--....,r+---+- ELEVATION OF TOP OF SURFACE CASING.
ELEVATION OF TOP OF RISER PIPE:
ELEVATION TOP OF PERM. CASING:
TYPE OF SURFACE SEAL: _

I.DOFSURFACECASING:, _
TYPE OF SURFACE CASING: _

---+-- RISER PIPE 1.0. =~ _
TYPE OF RISER PIPE' _

+--of- BOREHOLE DIAMETER: _

--+- PERM. CASING 1.0.
TYPE OF CASING & BACKFILL: _

ELEVATION/DEPTH TOP CONFINING LAYER:
ELEVATION / DEPTH BOTTOM OF CASING:
ELEVATION I DEPTH BOT CONFINING LAYER:

~_--+- BOREHOLE DIA. BELOW CASING: _
~---+_ TYPE OF BACKFIU:

\II'---.L. ElEVATION I DEPTH TOP OF SEAL:
TYPE OF SEAL: _

m.---+- DEPTH TOP OF SAND PACK:

ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN: _

TYPE OF SAND PACK: _

~---l-- ELEVATION I DEPTH BOTTOM OF SCREEN:

i----+_ ELEVATION I DEPTH BOTTOM OF SAND PACK:
TYPE OF BACKFilL BELOW OBSERVATIONW6l.L: _

ELEVATION / DEPTH OF HOLE:

Tetra Tech NUS, Inc
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ATIACHMENT C-7
EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL

~J
BORING NO :

BEDROCK
MONITORING WELL SHEET

OPEN HOLE WELL

DRILLER
PROJECT LOCATION DRILLING
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST METHOD

ELEVATION OF TOP OF CASING:• STICK UP OF CASING ABOVE GROUND
SURFACE

GROUND

~ r......ELEVATION A TYPE OF SURFACE SEAL:

~:-: ~ I D. OF CASING:
I~

TYPE OF CASING·

~ TEMP I PERM.:

::-:l

DIAMETER OF HOLE:

TYPE OF CASING SEAL:,
T.O R.

_III_III' :::! III ....: I DEPTH TO TOP OF ROCK:

- ~=
DEPTH TO BOTTOM CASING:

~III 1I1·~'

111m =111
DIAMETER OF HOLE IN BEDROCK:

DESCRIBE IF CORE I REAMED WITH BIT:

DESCRIBE JOINTS IN BEDROCK AND DEPTH:

III - I== III ELEVATION I DEPTH OF HOLE:
1I1~==

019611/P Tetra Tech NUS, Inc
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ATTACHMENT C·8
EXAMPLE BEDROCK MONITORING WELL SHEET· WELL INSTALLED IN BEDROCK

BORING NO.: _

~.
BEDROCK

MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK

LOCATION _
BORING _
DATE _

PROJECT _
PROJECT NO. _
ELEVATION _
FIELD GEOLOGIST _

DRILLER _

DRILLING
METHOD ------_
DEVELOPMENT
METHOD

/

/

.-----j~ ELEVATION' DEPTH TOP OF SEAL:
_ ELEVATION' DEPTH TOP OF BEDROCK:

111:::1
4=---11-- TYPE OF SEAL: _

---,1--1 D. OF SURFACE CASING. _

----<I-- DIAMETER OF HOLE: _

-----'I-- RISER PIPE 1.0.: _
TYPE OF RISER PIPE: _

ELEVATION TOP OF RISER:
c"-~~t- TYPE OF SURFACE SEAL. _

I---t- TYPE OF BACKFILL: _

_--r-- ELEVATION/DEPTHTOPOFSAND:

~-.---- ELEVAnON I DEPTH TOP OF SCREEN:

11+----+- STICK UPOF CASING ABOVE GROUND
SURFACE:

.-rF====;rot---+- ELEVATION OF TOP OF SURFACE CASING:

GROUND
ELEVATION

TYPE OF SCREEN: _

SLOTSIZE x LENGTH. _

I.D. SCREEN: _

---+-- TYPE OF SAND PACK: _

ill
III

W
III

---+-- DIAMETER OF HOLE IN BEDROCK:

CORE' REAM: _

III rn---4-- ELEVATION I DEPTH BOTTOM SCREEN:

ELEVATION I DEPTH BOTTOM OF HOLE:

/
I

019611/P Tetra Tech NUS, Inc
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ATIACHMENT C·g
EXAMPLE BEDROCK MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK FLUSHMOUNT

BORING NO.: -----1

~.
BEDROCK

MONjTORING WELL SHEET
WELL INSTALLED IN BEDROCK

PROJECT: _

PROJECT NO.: _

ELEVA"TlON: _

fiELD GEOLOGIST:

LOCATION: 1 ORILLER:.-· _

BORING: DRillING
DATE: 1 lolElliOO: --------

DEVELOP....ENT
IAETliOO:

(,..- '-OEPTli/ElEVAnON TOP OF BEDROCK:

Flush mount

~~~o~:ckco.::'''9!.---~-;;,I~

~~ound

\ EleYOtlon____ -'-ElEVATION TOP or RISER:

h~---'~~i~~~' ~fu~-;."i!~.~
~ V TYPE Of SURfACE SEAl.; _

I:H'JIo---+-rtPE OF PROT£CTlVE CASING: _
1.0. OF PROTECTIVE CASING: _

~ r"/>---+-DIAMETER OF HOlE:

~~ "'~'9"A---+-TYPE Of RISER PIPE:
~ RISER PIPE 1.0.: _

~ ~;..<;+---+-rtPE or BACKFILL/SEAL: _

~ ~
~

Top of RO~cIlm~m1-1

---+-DEPTIi/ELEVAnON TOP OF SAND: I

Tr'PE or SAND PACK: _

,.1-.r,.~--lr-DEPTH/El£VA1l0N TOP or SCREEN:".- .
Tr'PE Of SCREEN: _

SLOT SIZE x lENGTH: _

~ - .".'. - .
•\ _ t

',1 - • ~-+-DlAUETER Of" HOlE IN BEDROCK: _.- ...;. =~.: OEPTH/ELEVAllDN Bono", OF SCREEN:

2' PVC Trap ~ .~' OEPTH/El£VAll0N BOnO", Of SAND:
Below $creet\---...·""'r-.-.J..,..";::>;.;;[U..---t-OEPTH/ELEVAnON BOnO", Of HOlE;

BACKFIll ""4lERIAL BElOW SAND:

I

I,
,I
I

019611/P Tetra Tech NUS. Inc
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ATTACHMENT C-10
EXAMPLE TEST PIT LOG

I [1\;] Tetra Tech NUS, Inc. _JTEST PIT LOG

PROJECT: TEST PIT NO.:

PROJECT NO DATE.

LOCATION:

FIELD GEOLOGIST

MATEJUAL DESCRIPTtON_. REMARKS- e--t (Soil Densnv I Consistency, COlor)
~

_. usa
,

'e.. Po, Crosl \«110ft end I or ....n v_

REMARKS

PHOTO LOG
TEST PIT

PAGE _.Of -

019611/P Tetra Tech NUS, Inc.
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ATTACHMENT E

-
11: Tetra Tech NUS, Inc. DAn..Y ACTIVITIES RECORD

PROJECT NAME: PROJECT NUMBER:

CLIENT: LOCATION:

DATE: ARRIVAL TIME:

Tt NUS PERSONNEL: DEPARTURE TIME:

CONTRACTOR: DRD..LER:

QUANTITY QUANTITY
PREVIOUS CUMULATIVE

ITEM TOTAL QUANTITY
ESTIMATE TODAY QUANTITY TO DATE

COMMENTS:

APPROVED BY:

Tt NUS REPRESENTATIVE DRILLER

DATE:

019611/P Tetra Tech NUS, Inc
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ATTACHMENT F
FIELD TRIP SUMMARY REPORT

PAGE 1 OF 2

SUNDAY

Date: Personnel:

Weather: Onslte:

Site Activities:

MONDAY

Date: Personnel:

Weather: Onsite:

Site Activities:

-

TUESDAY

Date: Personnel:

Weather: Onsite:

Site Activities:

WEDNESDAY

Date: Personnel:

Weather: Onsite:

Site Activities:

019611/P Tetra Tech NUS, Inc
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ATTACHMENT F
PAGE20F2
FIELD TRIP SUMMARY REPORT

THURSDAY

Date: Personnel:

Weather: Onsite:

Site Activities:

FRIDAY

Date: Personnel:

Weather: Onsite:

Site Activities:

SATURDAY

Date: Personnel:

Weather: Onsite:

Site Activities:

019611/P Tetra Tech NUS. Inc
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•
1.0 PURPOSE

The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be followed
when decontaminating drilling equipment, monitoring well materials, chemical sampling equipment and
field analytical equipment.

2.0 SCOPE

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as
chemical sampling and field analytical equipment decontamination. This procedure also provides general
reference information on the control of contaminated materials.

3.0 GLOSSARY

Acid - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution of
nitric acid in deionized water should be used. Due to the leaching ability of nitric acid, it should not be
used on stainless steel.

Alconox/Liguinox - A brand of phosphate-free laboratory-grade detergent.

Deionized Water - Deionized (analyte free) water is tap water that has been treated by passing through a
standard deionizing resin column. Deionized water should contain no detectable heavy metals or other
inorganic compounds at or above the analytical detection limits for the project.

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated potable
water supply is not an acceptable substitute for tap water.

Solvent - The solvent of choice is pesticide-grade Isopropanol. Use of other solvents (methanol, acetone,
pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a particular
purpose (e.g. for the removal of concentrated waste) and must be justified In the project planning
documents. As an example, it may be necessary to use hexane when analyzing for trace levels of
pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in water, the
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or well
construction materials.

4.0 RESPONSIBILITIES

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with
approved project plan(s) requirements.

Field Operations Leader (FOU - ResponSible for the onsite verification that all field activities are
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by the
approved project plan(s).

5.0 PROCEDURES

To ensure that analytical chemical results reflect actual contaminant concentrations present at sampling
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire
the environment sample must be properly decontaminated. Decontamination minimizes the potential for
cross-contamination between sampling locations, and the transfer of contamination off site.

019611/P Tetra Tech NUS, Inc.
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HANDLING Revision Effective Date

2 03/16/98

5.1 Drilling Equipment

Prior to the initiation of a drilling program, all drilling equipment involved in field sampling activities shall be
decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be
performed using a high-pressure spray of heated potable water producing a pressurized stream of steam.
This steam shall be sprayed directly onto all surfaces of the various equipment which might contact
environmental samples. The decontamination procedure shall be performed until all equipment is free of
all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In addition, this decontamination
procedure shall be performed at the completion of each sampling andlor drilling location, including soil
borings, installation of monitoring wells, test pits, etc. Such equipment shall include drilling rigs, backhoes,
downhole tools, augers, well casings, and screens. Where the drilling rig is set to perform multiple borings
at a single area of concern, the steam-cleaning of the drilling rig itself may be waived with proper approval.
Downhole equipment, however, must always be steam-cleaned between borings. Where PVC well
casings are to be installed, decontamination is not required if the manufacturer provides these casings in
factory-sealed, protective, plastic sleeves (so long as the protective packaging is not compromised until
immediately before use).

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and can
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be
provided which is connected to a holding facility. A shallow above-ground tank may be used or a pumping
system with discharge to a waste tank may be installed.

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic lined
gravel bed pad with a collection system may serve as an adequate decontamination area. Alternately, a
lined sloped pad with a collection pump installed at the lower end may be permissible. The location of th
steam cleaning area shall be onsite in order to minimize potential impacts at certain sites.

Guidance to be used when decontaminating drilling equipment shall include:

• As a general rule, any part of the drilling rig which extends over the borehole, shall be steam cleaned.

• All drilling rods, augers, and any other equipment which will be introduced to the hole shall be steam
cleaned.

• The drilling rig, all rods and augers, and any other potentially contammated equipment shall be
decontaminated between each well location to prevent cross contamination of potential hazardous
substances.

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs
and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned, as
practicable. A drilling rig left at the drilling location does not need to be steam cleaned until it is finished
drilling at that location.

Error! Bookmark not defined.5.2 Sampling Equipment

5.2.1 Bailers and Bailing Line

The potential for cross-contamination between sampling points through the use of a common bailer or its
attached line is high unless strict procedures for decontamination are followed. For this reason, it is
preferable to dedicate an indiVidual bailer and its line to each sample point, although this does not
eliminate the need for decontamination of dedicated bailers. For non-dedicated sampling equipment, the
following conditions and/or decontamination procedures must be followed.

019611/P Tetra Tech NUS, Inc
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Before the initial sampling and after each successive sampling point, the bailer must be decontaminated.
The following steps are to be performed when sampling for organic contaminants. Note: contract-specific
requirements may permit alternative procedures.

• Potable water rinse
• Alconox or Llquinox detergent wash
• Scrubbing of the line and bailer with a scrub brush (may be required if the sample point is heavily

contaminated with heavy or extremely viscous compounds)
• Potable water rinse
• Rinse with 10 percent nitric acid solution*
• Deionized water rinse
• Pesticide-grade isopropanol (unless otherwise required)
• Pesticide-grade hexane rinse**
• Copious distilledlDeionized water rinse
• Air dry

If sampling for volatile organic compounds (VOCs) only, the nitric acid, isopropanol, and hexane rinses
may be omitted. Only reagent grade or purer solvents are to be used for decontamination. When
solvents are used, the bailer must be thoroughly dry before using to acquire the next sample.

In general, specially purchased pre-cleaned disposable sampling equipment is not decontaminated (nor is
an equipment rinsate blank collected) so long as the supplier has provided certification of cleanliness. If
decontamination is performed on several bailers at once (Le., in batches), bailers not immediately used
may be completely wrapped in aluminum foil (shiny-side toward equipment) and stored for future use.
When batch decontamination is performed, one equipment rinsate is generally collected from one of the
bailers belonging to the batch before it is used for sampling.

It is recommended that clean, dedicated braided nylon or polypropylene line be employed with each bailer
use.

5.2.2 Sampling Pumps

Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic, diaphragm, air
lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than one
sampling point, they must be decontaminated prior to initial use and after each use.

The procedures to be used for decontamination of sampling pumps compare to those used for a bailer
except that the 10 percent nitric aCid solution is omitted. Each of the liquid factions is to be pumped
through the system. The amount of pumping is dependent upon the size of the pump and the length of
the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes. For
peristaltic pumps, the tubing is replaced rather than cleaned.

An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially
phthalate esters) into the water being sampled or adsorb organics from the sampled water. For all other
sampling, the hose should be Viton, polyethylene, or polyvinyl chloride (listed in order of preference).

Due to the leaching ability of nitnc acid on stainless steel, this step is to be omitted if a stainless
steel sampling device is being used and metals analysis is required with detection limits less than
approximately 50 ppb.

** If sampling for pesticides, PCBs, or fuels.
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Whenever possible, dedicated hoses should be used. It is preferable that these types of pumps not be
used for sampling, only for purging.

5.2.3 Filtering Equipment

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Field-filtering is
addressed in SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. To this
end, three basIc filtration systems are most commonly used: the In-line disposable Teflon filter, the inert
gas over-pressure filtration system, and the vacuum filtration system.

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, the
cartridge must be disposed of in an approved receptacle and the intake and discharge lines must still be
decontaminated or replaced before each use. '

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in
contact with the sample must be decontaminated as outlined in the paragraphs describing the
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. These
filtration systems are preferred when decontamination procedures must be employed.)

5.2.4 Other Sampling Equipment

Field tools such as trowels and mixing bowls are to be decontaminated in the same manner as described
above.

5.3 Field Analytical Equipment

5.3.1 Water Level Indicators

Water level indicators that come into contact with groundwater must be decontaminated using the
following steps:

• Rinse with potable water
• Rinse with deionized water

Water level indicators that do not come in contact with the groundwater but may encounter incidental
contact dunng installation or retrieval need only undergo the first and last steps stated above.

5.3.2 Probes

Probes (e.g., pH or specific-ion electrodes, geophySical probes, or thermometers) which would come in
direct contact with the sample, will be decontaminated using the procedures specified above unless
manufacturer's instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact a
volume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to
uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with
alcohol.

5.4 Waste Handling

For the purposes of these procedures, contaminated materials are defined as any byproducts of field
activities that are suspected or known to be contaminated with hazardous substances. These byproducts
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include such materials as decontamination solutions, disposable equipment, drilling muds, well
development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE).

The procedures for obtaining permits for investigations of sites containing hazardous substances are not
clearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states, it
must be assumed that hazardous wastes generated during field activities will require compliance with
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may
be state regulations that govern the disposal action. This procedure exclusively describes the technical
methods used to control contaminated materials.

The plan documents for site activities must include a description of control procedures for contaminated
materials. This planning strategy must assess the type of contamination, estimate the amounts that would
be produced, describe containment equipment and procedures, and delineate storage or disposal
methods. As a general policy, it is wise to select investigation methods that minimize the generation of
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and
expensive. Until sample analysis is complete, it is assumed that all produced materials are suspected of
contamination from hazardous chemicals and require containment.

5.5 Sources of Contaminated Materials and Containment Methods

5.5.1 Decontamination Solutions

All waste decontamination solutions and rinses must be assumed to contain the hazardous chemicals
associated with the site unless there are analytical or other data to the contrary. The waste solution
volumes could vary from a few gallons to several hundred gallons in cases where large equipment
required cleaning.

Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent containers) that can
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and tractors
must be decontaminated in an area provided with an impermeable liner and a liquid collection system. A
decontamination area for large equipment could consist of a bermed concrete pad with a floor drain
leading to a buried holding tank.

5.5.2 Disposable Equipment

Disposable equipment that could become contaminated during use typically includes PPE, rubber gloves,
boots, broken sample containers, and cleaning-Wipes. These items are small and can easily be contained
in 55-gallon drums with lids. These containers should be closed at the end of each work day and upon
project completion to provide secure containment until disposed.

5.5.3 Drilling Muds and Well-Development Fluids

Drilling muds and well-development fluids are materials that may be used in groundwater monitoring well
installations. Their proper use could result in the surface accumulation of contaminated liquids and muds
that require containment. The volumes of drilling muds and well-development fluids used depend on well
diameter and depth, groundwater characteristics, and geologic formations. There are no simple
mathematical formulas available for accurately predicting these volumes. It is best to rely on the
experience of reputable well drillers familiar with local conditions and the well installation techniques
selected. These indiViduals should be able to estimate the sizes (or number) of containment structures
required. Since guesswork is involved, it is recommended that an slight excess of the estimated amount
of containers required will be available.
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Drilling muds are mIxed and stored in what is commonly referred to as a mud pit. This mud pit consists of
a suction section from which drilling mud is withdrawn and pumped through hoses, down the drill pipe to
the bit, and back up the hole to the settling section of the mud pit. In the settling section, the mud's
velocity is reduced by a screen and several flow-restriction devices, thereby allowing the well cuttings to
settle out of the mud/fluid.

The mud pit may be either portable above-ground tanks commonly made of steel (which is preferred) or
stationary in-ground pits as depicted in Attachment A. The above-ground tanks have a major advantage
over the in-ground pits because the above-ground tanks isolate the natural sOils from the contaminated
fluids within the drilling system. These tanks are also portable and can usually be cleaned easily.

As the well is drilled, the cuttings that accumulate in the settling section must be removed. This is best
done by shoveling them into drums or other similar containers. When the drilling is complete, the contents
of the above-ground tank are likewise shoveled or pumped into drums, and the tank is cleaned and made
available for its next use.

If in-ground pits are used, they should not extend into the natural water table. They should also be lined
with a bentonite-cement mixture followed by a layer of flexible impermeable material such as plastic
sheeting. Of course, to maintain its impermeable seal, the lining material used would have to be
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarily
have to be removed periodically during drilling because the pit can be made deep enough to contain them.
Depending on site conditions, the in-ground pit may have to be totally excavated and refilled with
uncontaminated natural soils when the drilling operation is complete.

When the above-ground tank or the in-ground pit is used, a reserve tank or pit should be located at the
site as a backup system for leaks, spills, and overflows. In either case, surface drainage should be such
that any excess fluid could be controlled within the immediate area of the drill site.

The containment procedure for well-development flUids is similar to that for drilling muds. The volume and
weight of contaminated fluid will be determined by the method used for development. When a new well is
pumped or bailed to produce clear water, substantially less volume and weight of fluid result than when
backwashing or high-velocity jetting is used.

5.5.4 Spill-Contaminated Materials

A spill is always possible when containers of liquids are opened or moved. Contaminated sorbents and
soils resulting from spills must be contained. Small quantities of spill-contaminated materials are usually
best contained in drums, while larger quantities can be placed in Imed pits or in other impermeable
structures. In some cases, onsite containment may not be feasible and immediate transport to an
approved disposal site will be required.

5.6 Disposal of Contaminated Materials

Actual disposal techniques for contaminated materials are the same as those for any hazardous
substance, that is, incineration, landfilling, treatment, and so on. The problem centers around the
assignment of responsibility for disposal. The responsibility must be determined and agreed upon by all
involved parties before the field work starts. If the site owner or manager was involved in activities that
precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal obligation.
In instances where a responsible party cannot be identified, this responsibility may fall on the public
agency or private organization investigating the site.

Another consideration in selecting disposal methods for contaminated materials is whether the disposal
can be incorporated into subsequent site cleanup activities. For example, if construction of a suitable
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onsite disposal structure is expected, contaminated materials generated durmg the investigation should be
stored at the site for disposal with other site materials. In this case, the initial containment structures
should be evaluated for use as long-term storage structures. Also, other site conditions such as dramage
control, security, and soil type must be considered so that proper storage is provided. If onsite storage is
expected, then the containment structures should be specifically designed for that purpose.

6.0 REFERENCES

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated Material.
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TWO TYPES OF MUD PITS USED IN WELL DRILLING
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STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

Division of Groundwater and Individual Sewage Disposal Systems

Rules and Regulations for
GROUNDWATER QUALITY

August 1996

Promulgated:
Amended:

Regulation 12-100-006

May 1992
July 1993
May 1995
August 1996

AUTHORITY: These Rules and Regulations are adopted in accordance with Chapter 42-35 pursuant to Chapters 46
12,46-13.1,23-18.9,23-19.1,42-17.6 and 42-17.1 of the Rhode Island General Laws of 1956, as
amended
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APPENDIX 1
Required Monitoring Well Construction Standards and Abandonment Procedures

1.0 Purpose: to provide minimum standards for; (a) the procurement ofsamples representative of groundwater; and (b)
abandonment procedures for removing the vertical conduit to groundwater.

2.0 Applicability: The momtoring well construction standards herein apply to all permanent monitoring wells installed
pursuant to these regulations. Pursuant to Rule 12.02 of these regulations, wells installed at the direction of other
programs are exempt from Rules 4.0 through 12.0 of this Appendix. A monitoring well is designated permanent
if it exists for more than 180 days. Rule 13 of this Appendix on monitoring well abandonment applies to all
permanent and non-permanent monitoring wells subject to these regulations. Rule 13 also applies to those
piezometers where improper abandonment would result in a reasonable likelihood of groundwater pollution.
Additional requirements may be specified by the Director.

3.0 Prevention of Groundwater Pollution: During well construction and abandonment, every appropriate precaution
shall be taken to prevent introducing pollutants into the groundwater. This shall include, but not be limited to, steam
cleaning and washing of drilling equipment and proper cleaning and storage of well casing. Only potable water
shall be used in well construction and abandonment unless otherwise approved by the Director.

4.0 Construction and Abandonment Standards: The procedures described in this Appendix incorporate minimum
standards. The Director may waive the requirements and allow deviation from these procedures where such
deviations are necessary to procure representative groundwater samples. All deviations from the procedures shall
be documented and provided to the Director. If the Director determines that the deviation from these procedures
will not or does not result in the procurement of samples representative of groundwater, the Director may require
the installation of a new monitoring well.

5.0 Well Casing: All permanent groundwater monitoring wells shall be constructed ofPVC well casing material. All
casing shall have a minimum inside diameter of2.0 inches. Monitoring wells constructed in unconsolidated material
less than 100 feet in depth shall be constructed using a minimum of schedule 40 PVC. Wells greater than 100 feet
shall be constructed using a minimum of schedule 80 PVC.

5.1 Assembly and Installation: All casing shall be constructed of flush threaded joints or threaded coupling
joints. All joints shall be fitted WIth an "0" ring or wrapped with teflon tape. Solvent welded joints are not
permissible without prior written permission of the Director.

5.2 Exceptions: The Director may allow alternate well casing material if the pollutant concentrations or
geologic setting require an alternative construction. Alternative materials include but are not limited to:
(a) Teflon; (b) stainless steel; or (c) uncoated or galvanized steel.

6.0 Well Screen: The well screen slot size shall retain at least 90% of the grain size of a filter pack or at least 60% of
the grain size of the collapsed formation. Well screens on wells and piezometers shall not exceed the length
necessary to collect a representative groundwater sample or to determine water table elevation. Well screens shall
be factory slotted. A bottom cap and sump sediment trap shall be installed.

7.0 Filter Pack: The filter pack shall be chemically inert, well rounded and well sorted glass beads or silica-based sand
or gravel of uniform grain SIze. The filter pack must minimize the amount of fine material entering the well and
shall not inhibit the flow ofwater into the well. The filter pack shall extend a minimum of one foot, but no more

than 5 feet above the well screen. The filter pack shall not pollute groundwater.
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•.0

10.0

11.0

12.0

13.0

Sealing Requirements

8.1 Filter Pack Seal: All monitoring wells installed with a filter pack shall be constructed with a filter pack
seal, such as bentonite flakes or pellets. The seal shall extend to approximately one foot above the filter
pack and shall be properly hydrated.

8.2 Annular Space Seal: All monitoring wells shall be installed with an annular space seal that has a
permeability of 1 x 10-7 centimeters per second or less. Materials that meet this criterion include but are not
limited to neat cement grout and cement-bentonite grout. The annular space seal shall extend to the ground
surface seal, except where a road box meeting the requirements of Rule 10.0 of this Appendix is used.

8.3 Ground Surface Seal: All monitoring wells shall be constructed with a continuous pour concrete ground
surface seal. To avoid frost heaving and to anchor the well, the ground surface seal shall extend to a
mmimum of 40 inches below the land surface, unless the well meets one of the requirements of the
exemption described in Rule 8.4 of this Appendix. The ground surface seal shall be flared such that the
diameter at the top is greater than the diameter at the bottom. The top of the ground surface seal shall be
sloped away from the well casing and shall be imprinted with the designation of the monitoring well.

8.4 Exemption from 40 Inch Ground Surface Seal Requirement: As stated in Rule 8.3 of this Appendix, the ground
surface seal shall extend at least 40 inches down the hole from the land surface. Exemptions from this rule are
lImited to the following circumstances: 1) where the seal would interfere with proper placement or functioning of
the well screen; and 2) where a road box is used and sand is placed inside and directly below the road box in such
a way as to ensure that any seepage into the road box drains away from the well.

Protective Cover Pipe: The protective pipe shall consist of a minimum 4 inch diameter metal casing with locking
cap. The protective pipe shall extend from the bottom of the ground surface seal to a minimum of 24 inches above
the land surface. There shall be no more than 4 inches between the top of the well casing and the top of the
protective pipe. The monitoring well designation shall be indicated clearly on the protective cover pipe. A gas vent
and a drain hole shall be installed. A high visibility guard post to prevent destruction of the well may be required.
The Director may request additional protective devices as necessary.

Road Box: Road boxes are acceptable in locations where protective cover pipes are not suitable. All road boxes
shall be secured and water tight and prevent easy access to the well. The well shall be fitted with a locking, water
tight cap. The ground surface seal for the road box shall be competent such that vehicle traffic will not cause it to
fail. The annular space seal shall extend upward to within one foot of the ground surface seal. One or two feet of
permeable material may be emplaced between the ground surface seal and the annular space seal in order to allow
for the drainage of runoff which may leak into the road box from the ground surface.

Well Development: Development of all monitoring wells shall be performed no earlier than 48 hours after
completion and before the initial water quality samples are taken. The goal ofwell development is to produce water
free of fine sand, coarser material, drill cuttings, and drilling fluids. The formation shall be allowed to stabilize
for at least 24 hours before groundwater sampling.

\

Innovative Well Installation: Innovative wells, including but not limited to Microwells or Geoprobes, that are small
diameter and are non-destructive to the formation, and which are capable of providing samples representative of
groundwater, need not meet the construction requirements set forth in Rules 4.0 through 11.0 of this Appendix.

Monitoring Well and Piezometer Abandonment:

13.1 General:
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(a):

(b)

All monitoring wells and applicable piezometers as described in Rule 1.0 of this Appendix thatare.
no longer used to gather information on geologic or groundwater properties shall be abandone
pursuant to the provisions of Rule 13.2 of this Appendix. Well abandonment shall take place
within 60 days after its use has been terminated, unless a written exemption is received from the
Director for continued use.

Innovative wells: Innovative wells as described in Rule 12.0 of this Appendix shall be abandoned
at the end ofuse in order to remove the conduit to groundwater. Abandonment of innovative wells
shall consist of removal of the well and grouting of the borehole. Innovative wells are exempted
from the abandonment procedures described in Rule 13.2 of this Appendix.

13.2 Abandonment Procedures: The well shall be inspected from the land surface through the entire depth of
the well before it is sealed to ensure against the presence of any obstructions that will interfere with sealing
operations.

(a)

(b)

Regulation 1Z-IOo-l106 (August 1996)

Wells constructed with an impermeable annular seal shall be abandoned by cutting off the casing
a minimum of 4 feet below land surface. The remaining casing shall be completely filled with a
neat cement grout or bentomte-cement grout. The remaining hole volume shall be backfilled with
natural material, with the following exception: where backfilling with natural material would result
in a grout plug less than 4 feet long, the hole shall be filled to approximately one foot from the
ground surface with the neat cement grout or bentonite-cement grout.

Wells not known to be constructed with an impermeable annular seal shall be abandoned by
completely removing the well casing and sealing with neat cement or bentonite-cement grout to
approximately one foot from the ground surface. If the casing cannot be removed during the
abandonment of a well, the casing shall be thoroughly ripped or perforated from top to bottom.
except that perforations will not be required over intervals of the well that are sealed with cement.
The screened portion of the well and the annular space between the casing and the drillhole wall

shall be effectively and completely filled with cement or bentonite-cement grout applied under
pressure.
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U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION I

LOW STRESS (low flow) PURGING AND SAMPLING PROCEDURE
FOR THE COLLECTION OF GROUND WATER SAMPLES

FROM MONITORING WELLS

I. SCOPE & APPLICATION

This standard operating procedure (SOP) provides a'general framework
for collecting ground water samples that are indicative of mobile
organic and inorganic loads at ambient flow conditions (both the
dissolved fraction and the fraction associated with mobile
particulates). The SOP emphasizes the need to minimize stress by low
water-level drawdowns, and low pumping rates (usually less than 1
liter/min) in order to collect samples with minimal alterations to
water chemistry. This SOP is aimed primarily at sampling monitoring
wells that can accept a submersible pump and have a screen, or open
interval length of 10 feet or less (this is the most common
situation). However, this procedure is flexible and can be used in a

-~' variety of well construction and ground-water yield situations.
Samples thus obtained are suitable for analyses of ground water
contaminants (volatile and semi-volatile organic analytes,
pesticides, PCBs, metals and other inorganics), or other naturally
occurring analytes.

This procedure does not address the collection of samples from wells
containing light or dense non-aqueous phase liquids (LNAPLs and
DNAPLs). For this the reader may Nish to check: Cohen, R.M. and J.W.
Mercer, 1993, DNAPL Site Evaluation; C.K. Smoley (CRC Press), Boca.
Raton, Florida and u.S. Environmental Protection Agency, 1992, RCRA
Ground-Water Monitoring: Draft Tecr~ical Guidance; Washington, DC
(EPA/S30-R-93-001) .

The screen, or open interval of the monitoring well should be
optimally located (both laterally and vertically) to intercept
existing contaminant plume(s) or along flowpaths of potential
contaminant releases. It is presu~ed that the analytes of interest
~ove (or potentially move) primar~:y thrc~gh t~e more permeable zones
within che screen, o~ open lnterva:.

Use of traaemark names does n~~ ~~pl! ~ndo~semen~ by U.S.EPA
but is intended only to assist :~ ident~ficac~c~ of a specific

• I type of device.
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II.EQUIPMENT

A. Extraction device

Adjustable rate, submersible pumps are preferred (for example,
centrifugal or bladder pump constructed of stainless steel or
Teflon) .

Adjustable rate, peristaltic pumps (suction) may be used with
caution. Note that EPA guidance states: "Suction pumps are not
recommended because they may cause degassing, pH modification, and
loss of volatile compounds" (EPA/540/P-87/001, 1987, page 8.5-11).

The use of inertial pumps is discouraged. These devices frequently
cause greater disturbance during purging and sampling and are less
easily controlled than the pumps listed above. This can lead to
sampling results that are adversely affected by purging and sampling
operations, and a higher degree of data variability.

B. Tubing

Teflon or Teflon lined polyethylene tubing are preferred when
sampling is to include VOCs, SVOCs, pesticides, PCBs and inorganics.

PVC, polypropylene or polyethylene tubing may be used when collecting
samples for inorganics analyses. However, these materials should be
used with caution when sampling for organics. If these materials are
used, the equipment blank (which i~cludes the tubing) data must show
that ~hese materials do not add contaminants to the sample.

Stai~:=ss steel tubing may be used when sampling for VOCs, SVOCs,
pesticides, and PCBs. However, it should be used with caution when
sampling for metals.

The use of 1/4 inch or 3/8 inch (inner diameter) tubing is preferred.
This will help ensure the tubing ~emains liquid filled when operating
at very low pumping rates.

Pharmaceutical grade (Pharmed: tub~~g should be used for the section
aroun~ the rotc~ ~ead ~~ a pe~~sca:~ic pump, ~o mln~mize gaseous
diffusion.

c. Water level ~easu~i~g ~evice\s), capable of ~easu~ing to 0.01
~oot a=curacy lelec~~onic "~apeU, ;~es~ure transducer). ~ecording

pressure transducers, mounted above t~e pump, are especially helpful
in tracking water levels dur~~g pu~ping operations, ~ut their use



SOP #: GW 0001
Region I Low Stress

(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996
Page 5 of 13

III.PRELIMINARY SITE ACTIVITIES

Check well for security damage or evidence of tampering, record
pertinent observations.

Layout sheet of clean polyethylene for monitoring and sampling
equipment.

Remove well cap and immediately measure VOCs at the rim of the well
with a PID or FlO instrument and ~ecord the reading in the field
logbook.

If the well casing does not have a reference point (usually a V-cut
or indelible mark in the well casing), make one. Describe its
location and record the date of the mark in the logbook.

A sYnoptic water level measurement round should be performed (in the
shortest possible time) before any purging and sampling activities
begin. It is recommended that water level depth (to 0.01 ft.) and
total well depth (to 0.1 ft.) be measured the day before, in order to
allow for re-settlement of any particulates in the water column. If
measurement of total well depth is not made the day before, it shoul~

not be measured until after sampling of the well is complete. A1l
measurements must be taken from the established referenced point.
Care should be taken to minimize water column disturbance.

Check newly constructed wells for the presence of LNAPLs or DNAPLs
before the initial sampling round. If none are encountered,
subsequent check measurements wit~ an interface probe are usually not
needed unless analytical data or =~eld head space information signal
a worsening situation. Note: procedures for collection of LNAPL and
DNAPL samples are not addressed in this SOP.

IV.PURGING AND SAMPLING PROCEDURE'

Sampling wells in order of increasi~g chemical concentrations (known
or anticipated) is preferred.

1. Install Pump

~ower pump, safety cable, tubi~g a~~ elecc~ical :ines slowly (to
minimize disturbance) into che weI: ~o the midooint of the zone to be
sampled. 7he Sampling and ~~aIys~s :lan should specify the sampling
depth, o~ provide criteria fer seIe==:on c: :~take depch for each
well (see Section I). If possible ~eep the pump intake at least two
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3b. Subsequent Low Stress Sampling Events

After synoptic water level measurement round, check intake depth and
drawdown information from previous sampling event(s) for each well.
Duplicate, to the extent practicable, the intake depth and extraction
rate (use final pump dial setting information) from previous
event(s). Perform purging operations as above.

4. Monitor Indicator Field Parameters

During well purging, monitor indicator field parameters (turbidity,
temperature, specific conductance, pH, Eh, DO) every three to five
minutes (or less frequently, if appropriate). Note: during the early
phase of purging emphasis should be put on minimizing and stabilizing
pumping stress, and recording those adjustments. Purging is
considered complete and sampling may begin when all the above
indicator field parameters have stabilized. Stabilization is
considered to be achieved when three consecutive readings, taken at
three (3) to five (5) minute intervals, are within the following
limits:

turbidity (10% for values greater than 1 NTU),
DO (10%),
specific conductance (3%),
temperature (3%),
pH (± 0.1 unit),
ORP/Eh (± 10 millivolts) .

All ~easurements, excepc turbidity, must be obtained using a flow
through-cell. Transparent flow-through-cells are preferred, because
they allow field personnel to watch for particulate build-up within
the cell. This build-up may affect indicacor field parameter values
measured within the cell and may also cause an underestimation of
turbidity values measured after the cell. If the cell needs to be
cleaned during purging operations, continue pumping and disconnect
cell for cleaning, then reconnect after cleaning and continue
monitoring activities.

The flow-through-cell must be designed in a way that prevencs air
bubble entrapment in the cel:. ~hen che F~mp is turned off 8r
cycl~ng on/off (when usinq a bladder Dump), water in the cell muse
not jrain out. Monitoring pr~Des ~us~ be submerged in water at all
times. If two flow-through-cells are used in series, ~he o~e

concaining the dissolved oxyge~ probe should come first (this
parameter is most susceptible t8 error i= air leaks into the system)
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Label each sample as collected. Samples requiring cooling (volatileorganics, cyanide, etc.) will be placed into a cooler with ice orrefrigerant for delivery to the laboratory. Metal samples afteracidification to a pH less than 2 do not need to be cooled.
6. Post Sampling Activities

If r~cording ~~essure transducer is used, remeasure water level withtape.

After collection of the samples, the pump tubing may either bededicated to the well for resampling (by hanging the tubing insidethe well), decontaminated, or properly discarded.

Before securing the well, measure and record the well depth (to 0.1ft.), if. not measured the day before purging began. Note:measurement of total well depth is optional after the initial lowstress sampling event. However, it is recommended if the well has a"silting" problem or if confirmation of well identity is needed.
~;. Secure the well.

V.DECONTAMINATION

Decontaminate sampling equipment prior to use in the first well andfollowing sampling of each subsequent well. Pumps will not beremoved between purging and sampling operations. The pump and tubing(including support cable and electrical wires which are in contactwith the well) will be decontaminated by one of the procedures lis~edbelow.

Procedure 1

The decontaminating solutions can be pumped from either buckets orshort PVC casing sectio~s through the pump or the pump can bedisassembled and flushed with the decontaminating solutions. It isrecommended that detergent and ~sopropyl alcohol be used sparinglyin the decontamination process and water :lushing steps' be extended:~ ~nsu=e tta~ a~y sedi~enc ~rapped in the pump ~s removed. Thepump exterior and e~ecc=ical wires must =e rinsed with the..J.::.,,..,......,..., ... a,,,,,;nat.;-,.. --',.-":--- -- .... -'-- --ocodu......~ ;s as follows'~--""..- ..,- _..= .::> ..... _ ... _-_ •• .::>, : • .:> (.;:-_. • ..;:::-- - -_.. •

?lush ~te e~~i~~enc/pum? wich pc~able water.

Flush with non-phosphate deterge~= solution. If ~~e solution is
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may not exceed 20 samples). Trip blanks are required for the VOCsamples at a frequency of one set per VOC sample cooler.

Field duplicate.

Matrix spike.

Matrix spike duplicate.

Equipment 'blank.

Trip blank (VOCs).

Temperature blank (one per sample cooler) .

Equipment blank shall include the pump and the pump's tubing. Iftubing is dedicated to the well, the equipment blank will onlyinclude the pump in subsequent sampling rounds.

Collect samples in order from wells with lowest contaminantconcentration to highest concentration. Collect equipment blanksafter sampling from contaminated wells and not after backgroundwells.

Field duplicates are collected to determine precision of samplingprocedure. For this procedure, collect duplicate for each analytegroup in consecutive order (Vee original, vec duplicate, SVOCoriginal, svoe duplicate, etc.).

If split samples are to be collected, collect split for each analy~egroup in consecutive order (vee original, voe split, etc.). Splitsample should be as identical as possible to original sample.
All monitoring instrumentation shall be operated in accordance withEPA analytical methods and manufac~~rer's operating instructions.EPA analytical methods are listed ~~ 40 CFR 136, 40 CFR 141, and SW846 with exception of Eh, for whic~ the manufacturer's instructionsare to be followed. Instruments s~all be calibrated at the beginningof each day. If a measurement fal:s outside the calibration range,~~e ~~5~~~ment 5hou:d ~e ~e-~::~~=:~ei 5~ :~at all ~eas~=eme~cs :all'Nitti~ ~~e cali==a~io~ ~3nge. A~ :~= :~d ~: ~ach day, =~e~kcali==acion to verify chat i~str~~enc5 ~emai~ed in calibraci~n.~ernperacure measuring equipment, :~er~ometers and t~ermiscors, need~ot ~e calibraced to the above freq~encf' 7hey should be c~ecked foraccuracy prior to field use accor=i~g to EPA Methods and themanufacturer's instructions.
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Page__of__EXAMPLE (Minimum Requirements)
Well PURGING-FIELD WATER QUALITY MEASUREMENTS FORM

-- ~. ~_.-

Location (Sir-p.!r-... ·ility N,lllle)_ ....__________ Depth to / of screen-----
Well NumlJl: ( Date (below MPl top bottom
Field Persorillt.:l

- .- - .-
Pump Intake at (ft. below MPl

Sampling OrganizClL-lon Purging Device; (pump type)
Identify MP

Clock Water Pump Purge Cum. Temp. Spec. pH ORP/ DO Turb- Comments
Time Depth D1 all Rate Volume Cond. 2 Eh1 idity

below Purged
MP

24 IIR fL ml/min liters °c JiS/cm mv mg/L NTU

_._-
--- ._--

---~_. . .

---- --
I

.-._-- --- I

1. Pump dial settjn~ (for example: hertz, cycles/min, etc).
2. JlSiemens per cm (sdme as Jlmhos/cm) at 2S·o C.
3. Oxidation reduction potential (stand in for Eh).
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This Health and Safety Plan (HASP) was developed to provide safe working practices and procedures for

Tetra Tech NUS, Inc and subcontractor personnel engaged in post-removal action well installation and

sampling activities to be conducted at the former Melville North Landfill located in Portsmouth, Rhode

Island (Figures 1 and 2). This HASP IS designed to be used In conjunction with the Tetra Tech NUS, Inc.

(TtNUS) Health and Safety Guidance Manual. The TtNUS Health and Safety Guidance Manual proVides

supporting information pertaining to procedures detailed in the HASP as well as TtNUS standard

operating procedures.

The Melville North Landfill underwent a large removal action in 1997-2000, during which all the fill and

contaminated soils above the groundwater table was removed from the site Clean fill was brought in to

restore the site to approxImate pre-construction grade. The work to be performed under this HASP IS to

conduct limited soil and groundwater monitoring to determine effectiveness of this removal action.

This HASP was developed in accordance with the requirements established by OSHA 29 CFR 1910.120

"Hazardous Waste Operations and Emergency Response" (HAZWOPER) and sections of 29 CFR 1926

"Safety and Health RegUlations For Construction." The information provided in this plan has been

obtained from the Tetra Tech NUS, Inc. Health and Safety Program policies and procedures.

This HASP was developed using information gathered from existing file information which represents the

most current Information regarding known or suspected chemical contaminants, and potential physical

hazards associated with the proposed work and the history of the site. This HASP will be modified, as

necessary, if new information becomes available. All changes to the HASP will be made with the

approval of the Tetra Tech NUS, Inc. Site Safety Officer (SSO) and the CLEAN Health and Safety

Manager (HSM). Requests for modifications to the HASP will be directed to the SSO, who will determine

whether or not to make changes. The SSO will notify the Project Manager (PM), who will then notify all

affected personnel of the changes.

Subcontractors performing work onsite will be required to comply with the minimum requirements of this

plan. Each subcontractor employee performing work at the site must complete a copy of the HASP

review form (Figure 8-2) indicating that the indIvidual has read, understands, and will comply with the

HASP.
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PRUDENCE ISlAND, RHODE ISlAND, 1955, PHOTOREVISED 1970 AND 1975
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1 INCH = 100 FEET

FIGURE 1-2
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(HOT 10 SCAlE)
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FORMER LOCATION OF
HIGH 'CONCENTRATIONS
OF TPH IN SOILS AND
WHERE SHEENS WERE
EVIDENT IN WELL
PURGE WATER
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1.1 KEY PROJECT PERSONNEL AND ORGANIZATION

This section defines responsibility for site safety and health for TtNUS and subcontractor employees

engaged in on-site activities. The specifiC project personnel (Project Manager, Field Operations Leader)

assigned to these positions have pnmary responsibility for implementing on-site health and safety

requirements and the HSM and the SSO will be the primary points of contact for any questions regarding

the safety and health procedures and the selected control measures that are to be Implemented for on

site activities.

• The TtNUS Project Manager (PM) is responsible for the overall direction and implementation of

health and safety for this proJect.

• The TtNUS HSM IS responsible for developing this HASP In accordance with applicable OSHA

regulations. Specific responsibilities include.

providing information regarding site contaminants and physical hazards associated with the

site

establishing air monitonng and decontamination procedures

selecting personal protective equipment

determining emergency response procedures and emergency contacts

stipulating training requirements and reviewing appropriate training and .medical surveillance

certificates

providing standard work practices to minimize potential injuries and exposures associated

with hazardous work

• The TtNUS Field Operations Leader (FOL) is responsible for Implementation of this HASP with

the assistance of an appointed SSO. The FOL manages all field activities, executes elements of

the Work Plan and enforces safety procedures, as applicable to the HASP.

• The SSO supports site activities by advising the FOL on all aspects of health and safety on-site.

These duties may include:

coordinating all health and safety activities with the FOL

selecting, applYing, inspecting and maintaining personal protective equipment

establishing work zones and control points

implementing air monitoring procedures for on-site activities
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verifying training and medical status of on-site personnel

implementing hazard communication, respiratory protection and other associated safety and

health programs

coordinating emergency servIces

providing site specific training to all on-site personnel

Compliance to the requirements established in this HASP is monitored by the SSO and coordinated

through the TtNUS HSM.

1.2 SITE INFORMATION AND PERSONNEL ASSIGNMENTS

Site Name:

Address:

Effective Date:

Former Melville North Landfill

Defense Highway

Portsmouth, Rhode Island

May 2003 through August 2004

Purpose of Site Work: Conduct soil and groundwater monitoring at a former landfill site which has

undergone a major removal action.

Project Team:

Tetra Tech NUS, Inc. Personnel:

Stephen S. Parker
Kayleen Jalkut
TBD
Kayleen Jalkut
Janet Pillion
Matt Soltis

Non-TtNUS Personnel

Surveying Subcontractor
Drilling Subcontractor
lOW Subcontractor

Discipline/Tasks Assigned:

Project Manager (PM)
Field Operations Leader (FOL)
Field Team Personnel
Site Safety Officer (SSO)
Wilmington Health and Safety Officer (HSO)
CLEAN Health and Safety Manager (HSM)

Prepared by: -"S::.,:t.:::.ep""'h...:.:e:.:.n.:....S=-:....;.P'-a=.:r...:,.:k.:::.er=--- _
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2.1 INTRODUCTION

This section has been developed as part of a preplanning effort to direct and guide field personnel in the

event of an emergency. All site activities will be coordinated with Local Fire Protection and Emergency

Services pnor to commencement. In the event of on-site emergencies, site personnel will be evacuated

to a safe place of refuge and the appropriate emergency response agencies will be notified. Since a

majority of foreseeable emergency situations will require assistance from outside emergency responders,

TtNUS and subcontractor personnel will not provide emergency response support beyond the capabilities

of on-site response. The emergency response agencies listed in this plan are capable of providing the

most effective response, and as such, will be designated as the primary responders. These agencies are

located within a reasonable distance from the area of operations, which ensures adequate emergency

response time. This Emergency Action Plan, therefore, conforms to the requirements of OSHA Standard

29 CFR 1910.38(a), as designated in OSHA 29 CFR 1910.120(1)(1)(ii).

TtNUS will, through necessary services, provide the following response measures:

• Incipient stage fire fighting support and prevention

• Incipient spill control and containment measures and prevention

• Removal of personnel from emergency situations

• Initial medical support for injuries or illnesses requiring only first-aid level support

• Site control and security measures, as necessary

2.2 PRE-EMERGENCY PLANNING

Through the initial hazard/risk assessment effort, Injuries or illnesses resulting from exposure to chemical

or physical hazards or fire are the most probable emergencies that could be encountered during site

activities.

To minimize and eliminate these potential emergency situations, pre-emergency planning activities

associated with this project include the following (which are the responsibility of the SSO and/or the

FOL):

• Coordinating with local Emergency Response personnel in order to ensure that TtNUS

emergency action activities are compatible with existing emergency response procedures.
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• Establishing and maintaining information at the project staging area (support zone) for easy

access in the event of an emergency. This information will include the following:

Chemical Inventory (used on-site), with Material Safety Data Sheets.

On-site personnel medical records (Medical Data Sheets).

A log book or sign in logsheet Identifying personnel on site each day.

It will be the responsibility of the TtNUS FOL to ensure specific information is available and present at

the site, including:

• The chain of command for emergency action.

• Potential hazards and control measures associated with planned activities at the site, and

providing methods for early recognition and prevention when possible.

2.3 EMERGENCY RECOGNITION AND PREVENTION

2.3.1 Recognition

Foreseeable emergency situations that may be encountered during site activities will generally be

recognizable by visual observation. Visual observation is primarily relevant for physical hazards that

may be associated with the proposed scope of work. Visual observation will also playa role in detecting

some chemical exposures. To adequately recognize exposures to site contaminants, site personnel

must have a clear knowledge of the signs and symptoms of exposure associated with the site

contaminants. ThiS information is provided in Table 6-1 of this HASP. Potential site hazards, the

activities that they have been associated with, and the recommended control methods are discussed in

detail in Section 5.0 and 6.0 of this HASP. Additionally, early recognition of emergency situations will be

supported by daily site surveys to eliminate any situation considered predisposed to an emergency. The

FOL and the SSO will be responsible for performing site surveys, which will be conducted at least once a

week during the initiation of this effort and Will be documented in the Health and Safety Logbook. The

above actions provide early recognition for potential emergency situations. However, should an incident

occur, TtNUS will take measures to control these situations. If the FOL and the SSO determine that an

incident has progressed to a serious emergency situation, TtNUS will wi.thdraw and notify the appropriate

response agencies listed in Table 2-1.
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2.3.2 Prevention

TtNUS and subcontractor personnel will minimize the potential for emergencies by following the Health

and Safety GUidance Manual and complying with the HASP and applicable OSHA regulations.

2.4 SAFE DISTANCES AND PLACES OF REFUGE

In the event that the site must be evacuated, all personnel will immediately stop activities and report to

the designated safe place of refuge. Safe places of refuge will be identified prior to the commencement

of site activities and will be conveyed to personnel as part of the safety meeting conducted each

morning. Whenever possible, the safe place of refuge will also serve as the telephone communications

point for that area. During an evacuation, personnel will remain at the refuge location until directed

otherwise by the TtNUS FOL or SSO. The FOL or the SSO will take a head count at this location to

account for and to confirm the location of all site personnel. Emergency response personnel will be

immediately notified of any unaccounted personnel.

2.5 EVACUATION ROUTES AND PROCEDURES

An evacuation will occur whenever the health, safety or welfare of site workers is compromised. Specific

examples of conditions that may initiate an evacuation include, but are not limited to the following:

severe weather conditions; the occurrence of a fire or explosion; readings on monitonng instrumentation

Indicate levels of contamination that are greater than instituted action levels; or personnel show signs or

symptoms of overexposure to potential site contaminants. In the event of an evacuation, personnel will

proceed immediately to the designated place of refuge unless doing so would further jeopardize the

welfare of workers In such an event, personnel will proceed to a designated alternate location and

remain until further notification from the TtNUS FOL. Evacuation procedures will be discussed before

the initiation of any work at the site.

Evacuation routes from the site and safe places of refuge are dependent upon the location at which work

is being performed and the circumstances under which an evacuation is required. Additionally, site

location and meteorological conditions (Le., wind speed and direction) may dictate evacuation routes.

As a result, assembly points will be selected and communicated to the workers relative to the site

location where work is being performed.
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CONTACT PHONE NUMBER

EMERGENCY (Fire/Ambulance/Police) 911

OR

Portsmouth Police Dept (401) 683-1936

Portsmouth Fire Dept (401) 683-1200

Newport Hospital (401) 846-6400

Friendship St.

Newport, RI

Chemtrec National Response Center (800) 424-9300

(800) 424-8802

Project Manager:

Stephen S. Parker 978) 658-7899

CLEAN Health and Safety Manager.

Matt Soltis (412) 921-7090

Health and Safety Officer: (978) 658-7899

Janet Pillion
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2.6 DECONTAMINATION PROCEDURES/EMERGENCY MEDICAL TREATMENT

During an evacuation, decontamination procedures will be performed only if dOing so does not further

jeopardize the welfare of site workers. However, it is unlikely that an evacuation would occur which

would require workers to evacuate the site without first performing decontamination procedures.

2.7 EMERGENCY ALERTING AND ACTION/RESPONSE PROCEDURES

At each site, TtNUS personnel will be working in proximity to each other. As a result, hand signals, voice

commands and air horns will be sufficient to alert site personnel of an emergency. If teams will be

working simultaneously as part of this project, two-way radios will be used to communicate between

teams of workers.

If an emergency occurs, the following steps are to be taken:

Initiate an evacuation by hand signals, voice commands, air horn or two-way radios. Report to

the designated refuge point.

Describe to the FOL (who will serve as the InCident Coordinator) what has occurred and as many

details as possible. Once all personnel are evacuated, appropriate response procedures will be

enacted to control the situation.

In the event that site personnel cannot control the Incident through offensive and defensive measures,

the FOL and SSO will enact the emergency notification procedures to secure additional assistance in the

following manner:

Call 911 or other emergency contacts (Table 2-1) and report the emergency. Give the

operator the location of the emergency, the type of emergency, the number of people

injured, and a brief description of what occurred. Stay on the phone and follow the

instructions given by the operator. The operator will then notify and dispatch the proper

emergency response agencies.

2.8 PPE AND EMERGENCY EQUIPMENT

A first-aid kit, eye wash units and fire extinguishers (strategically placed) will be maintained on-site and

shall be immediately available for use in the event of an emergency.
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2.9 EMERGENCY CONTACTS

Prior to performing work onsite, all personnel will be thoroughly briefed on the emergency procedures

that are to be followed in the event of an accident. Table 2-1 provides a list of emergency contacts and

their associated telephone numbers. This table must be posted on-site where it is readily available to all

site personnel

2.10 EMERGENCY ROUTE TO HOSPITAL

The Naval Ambulatory Care Center (Naval Hospital) is less than 100 yards to the northeast of the site.

Medical emergencies shall be taken directly to this ambulatory care center, and then transferred to

Newport Hospital. All other non emergency medical treatment should be taken to Newport Hospital,

approximately 3 miles from the site.

Directions to Newport Hospital:
Friendship Street
Newport, RI
(401) 846-6400

REFER TO FIGURE 2-1

Leave Site through Gate, turn left on Defense Highway
Approx 0.25 mi, Turn right on Melville Road
Approx 0.6 mi, turn right on Route 114
Approx 4 mi, Route 114 turns right. Leave Route 114 by going straight onto Broadway.
Approx 1 mi, turn left on Friendship St. Hospital is on Corner
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3.1 SITE INFORMATION

The Melville North Landfill site IS located m the northwest portion of Aquidneck Island on the shoreline of

Narragansett Bay in the Town of Portsmouth. The site is approximately 10 acres in size and was used as

a landfill from World War II until 1955. The site was excessed from the Naval Station-Newport to the

State of Rhode Island m September 1993, and was sold to Melville Marine Industries six months later

Access to the Melville North Landfill site is gamed from the east via Defense Highway. The site is

bounded to the west by Narragansett Bay, to the east by the Penn Central railroad tracks and Defense

Highway (also known as Burma Rd ), to the north by vegetated wetlands, and to the south by a wooded

upland area. The topography of the site is relatively flat with elevation drops between 5 and 10 feet along

the shoreline and an increase in elevation between 5 and 10 feet along Defense Highway.

The landfill reportedly received a variety of waste materials from World War II until 1955. These wastes

include spent acids, various waste oils, solvents, waste paints, and possibly polychlorinated biphenyls

(PCBs). Initial inspections of the site also revealed mounds of oil-soaked soil and surface areas that were

covered with oil and oil sludge. It was reported that the mounds of oil-soaked soil came from disposal of

the oil sludge material generated while cleaning fuel supply tanks at the nearby tank farms, or from

cleanup operations of various oil spills.

The Melville North Landfill received wastes mcluding spent acids, waste paints, solvents, waste oils

(diesel, fuel, lube), and PCBs. The waste quantity disposed of in the landfill is unknown. Pre-removal

action inspections of the site, revealed areas covered with oil and oil sludge scattered throughout the

site. Mounds of oil-soaked soil appeared to have been trucked to and deposited of at the Site. These

oil-contaminated mounds could have been the oil sludge materials obtained from the tank farms during

tank cleaning operations, or the result of cleanup operations following oil spills.

A senes of removal actions have been conducted at the site. The first was performed in 1993 to remove

soil piles found to contain oil. These soils were removed from the Site and disposed of at a licensed

facility. The second removal action was conducted in 1996 to address additional soils with oil

contamination and elevated concentrations of metals. Following the second removal action, a Site

Investigation was conducted under RIDEM remediation regulations to, in part, determine a final remedy

for the Site.
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A third removal action was carried out as a final remedy for the Site by Foster Wheeler Environmental

Corporation (FWENC) at the Site from April 15, 1999 to May 3, 2000. Soil excavation was conducted

across the entire area that was recorded to have received waste. Field screening, laboratory

confirmation sampling, visual inspection, and the presence of large quantities of debris were used during

the sOil excavation activities to delineate the vertical and honzontal limits of the excavation area. A total

of 73,001 cubic yards of soil and debns was removed by the beginning of 2000. An additional 4000 tons

of matenal was excavated from the southern part of the landfill, and thiS effort was conducted in April

2000.

The current action has been planned to determine if any contaminants remain in the groundwater at the

site following these removal actions that are in excess of regulatory standards
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This section discusses the activities that are to be performed at the site. Table 5-1 of this HASP

provides information related to the tasks that are to be performed as part of the scope of work. The

planned activities are presented in detail in the Work Plan developed for this project. If new tasks are to

be performed at the site, Table 5-1 will be modified accordingly. If tasks other than those described

below are performed at the site, this section will be modified accordingly.

The scope of work for this project is to conduct post-removal monitoring at the former Melville North

Landfill. The investigative activities include:

1. Install groundwater monitoring wells.

2 Evaluate groundwater quality.

3. Survey locations of newly installed wells.

4.1 SUMMARY OF PROPOSED ACTIVITIES

Specific tasks to be conducted may include, but not be limited to, the following:

• Mobilization/Demobilization activities

• Drilling/Monltonng Well Installation

• Monitoring Well Development

• Subsurface Soil Sampling

• Groundwater Sampling

• Decontamination of Sampling and Heavy Equipment

• Land Survey



Health and Safety Plan
Former Melville Norlh Landfill
May 2003
W5203285

SectIOn 5
Revision 0

Page 1 of 5
eTa 842

5.0 TASKS/HAZARDS/ASSOCIATED CONTROL MEASURES SUMMARIZATION

Table 5-1 of this section serves as the primary portion of the site specific HASP and discusses the

contaminants and physical hazards that are associated with each of the proposed tasks that are to be

performed at the site. A new Table 5-1 must be developed and incorporated into this document should

additional tasks occur at the site. Table 5-1 details the anticipated hazards, recommended control

measures, air monitoring recommendations, required Personal Protective Equipment (PPE), and

decontamination measures for each site task. This table and the associated control measures will be

changed if the scope of work, contammants of concern, or other conditions change.

By using the table, site personnel can determine the hazards associated with each task, the hazards

present at each site, and the associated control measures necessary to minimize potential exposure or

injuries related to those hazards. The table also assists field team members in determining which PPE

and decontamination procedures to use, based on proper air monitonng techniques and site-specific

conditions.

As discussed earlier, this table and HASP are accompanied by a Health and Safety Guidance Manual.

This manual is designed to further explain supporting elements for any site specific operations as

required by 29 CFR 1910.120. This Guidance Manual will be available at the site and should be

referenced, as necessary, for additional information regarding air monitoring instrumentation,

decontamination activities, emergency response, hazard assessments, hazard communication and

hearing conservation programs, medical surveillance, PPE, respiratory protection, site control measures,

standard work practices, and training requirements. Many of TtNUS's SOPs are also provided in this

Guidance Manual.
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TABLE 5-1
TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM
HEALTH AND SAFETY PLAN
FORMER MELVILLE NORTH LANDFILL
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As potential site contaminants are not
anticipated as part of this task, personal
decontamination is not required.

All equipment arriving/leaving the site will be
Inspected prior to permitting this equipment to
enter or exit the site. The SSO will inspect the
equipment and give the clearance to allow the
equipment to pass. Failure to pass Inspection'
Will prohibit entering or exiting the site as
applicable. All equipment which fails the
inspection will have to be decontaminated
again to a level acceptable to the SSO prior to
passage on or off site.

- Standard field attire (Work shirt; long pants; or
coveralls)
Safety Boots with steel toe/shank
Safety glasses
Hardhat (when overhead hazards exists, or
identified as an operation requirement)
Reflective vest for high traffic areas
Hearing protection for high noise areas, or as
directed on an operation by operation scenario. As
a general rule of thumb, if you need to raise your
vOice to be heard while engaged in conversation
with someone who is within 2 feet of your position,
you may be exposed to excessive noise levels. If
thiS occurs, use hearing protection until the SSO
can quantify the potential hazard through sound
level measurements or noise dosimetry.

Level D - (Minimum ReqUirements)

Note: Additional PPE may be assigned to reflect site
specific conditions or special considerations or
conditions associated with any identified task.

Air monitoring will not be performed during
these tasks due to the nature of the site
contaminants and non-intrusive activities
planned.

1) Use machinery or multiple personnel for
heavy lifts.
- Use proper lifting techniques.

2) Use pinch bars or other equipment to
keep hands from the point of operation.

3) Preview and prepare work locations
where unstable/uneven terrain exists.

4) Avoid insect/animal nesting areas, use
repellents (Do NOT use repellents
during sampling activities). Report
potential hazards to the SSO.
Frequently inspect clothing and persons
during and after activities in wooded
areas for ticks and other vectors.
Identify all access/egress routes and

locations to within established areas of
operation.
- All equipment capable of self

propelled movement will be equipped
with movement alarms as applicable.

- Traffic regulations for Tetra Tech
NUS, Inc. and operational areas will
be posted by the SSO as required.

5)

Physical hazards:

1) Strain/muscle pulls
from heavy lifting

2) Pinch/compression
points

3) Uneven or unstable
terrain (slip, trip, and
fall hazards)

4) Natural hazards
(insect/animal bites
and stings,
pOisonous plants)

5) Other physical
hazards associated
with ongoing
operations (foot and
vehicular traffic)

Physical hazards:

Potential physical hazards
associated with this task
may include:

Mobilization/ Chemical hazards: Chemical Hazards: Not required during IMobilizatIOn/demobilization activities is intended to
Demobilization, mobilization/demobilization or land survey initiate and proceed in Level D protection.
Land Survey Exposure to potential site To eliminate potential chemical hazards activities.
Activities contaminants are not associated with this task ensure the following:

anticipated during this - A chemical Inventory list is generated
activity. However, and MSDSs are available for all
chemicals brought on site chemicals brought on-site (Complete
in support of field Section 5.0 of the Health and Safety
activities are to be Guidance Manual).
identified, logged, - Materials are stored in accordance with
accompanied by an recommended practices and according
appropriate MSDS, to compatibility (See MSDS for storage
properly stored, and and compatibility recommendations).
evaluated for purposes of
hazard communication.
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Equipm nt
Decontaminati n - All
equipment decontamination
Will take place at a centralized
decontamination pad utiliZing
steam or pressure washers

The FOL or the SSO Will be
responsible for evaluating
equipment arriving on site
and that which is to leave the
site. No equipment will be
allowed access or exit Without
thiS authonzation.

ThiS decontamination
procedure for Level D
protection will consist of

EqUipment drop
- Soap/water wash and

rinse of outer gloves
and outer boots, as
applicable
Soap/water wash and
nnse of the outer
splash SUit, as
applicable

- Wash hands and face,
leave contamination
reduction zone

Therefore no air monltonng
will be reqUired dunng this
post removal action
monitonng

No volatile contaminants are ActiVities are to be initiated In Personnel Dec ntamination
anticipated at the Site, due Level D protection. - Will consist of a soaplwater
to the removal action Level D protection constitutes the wash and nnse for outer
undertaken In 1997-2000, follOWing minimum protection' protective equipment (e.g,
dunng which fill and all soil Standard field dress (Long boots, gloves, PVC splash
above the water table was pants and long or short SUitS, etc ).
removed from the site and sleeve shirts)
replaced With clean fill. - Steel toe/shank work boots

These follOWing Items Will be
Incorporated during dniling
operations:

- Nitrile gloves
- Hardhat, safety glasses,

and earplugs or muffs.
- Tyvek coveralls

Impermeable boot covers
- PVC or PE coated Tyvek

Will be incorporated if there
is a potentIal for saturation
of work attIre.

(The italiCIzed items are optIOnal
as conditions dIctate)

Chemical hazards
1) Use of Identified PPE to control exposures to fuel oil contaminated medias

Identify operationa.1 zones where potential contamination may eXIst to prevent InCidental contact and transfer outSide of the
operational area.

2) Decontaminate all equipment and supplies between dnlling events as well as pnor to leaving the site.

Physical hazards
3) All equipment used will be:

Inspected In accordance with Federal safety and transportation gUidelines, OSHA (1926.600,.601,.602), and manufacturer's deSign
and documented as such. -
Operated by Certified operators and knowledgeable ground crew.

- Only manufacturer approved equipment may be used in conjunction With equipment repair procedures (e.g., pinS for auger flights).
In addition to the equipment conSiderations, the follOWing standard operating procedures Will be used:

- All personnel not directly supporting the dnlling operation Will remain at least 25 feet from the POint of operation.
All loose clothing/protective equipment Will be secured to avoid pOSSible entanglement.
Hand Signals Will be established pnor to the commencement of drilling activities

- Test and ensure that all personnel In prOXimity to the dnll rig can locate and operate the emergency stop device.
The driller and helper can Simultaneously handle moving augers or flights only when there IS a standby person to activate the
emergency stop deVice.
The driller must never leave the controls while tools are rotating unless all personnel are clear of the rotating equipment
A long handled shovel or equivalent shall be used to clear away dnll cuttings from the hole and rotating eqUipment. Hands or feet
shall not be used for thiS purpose
A remote sampling deVice must be used to sample dnll cuttings near rotating tools.
Never climb a drill mast while equipment IS rotating.
Work areas will be kept clear of clutter.
All personnel Will be instructed In the location and operations of the emergency shut off devlce(s). This deVice Will be tested Initially
(and then periodically) to ensure ItS operational status
Areas Will be Inspected prior to the movement of drill rigs and support vehicles to eliminate any physical hazards. ThiS Will be the
responsibility of the FOL and/or SSO.
Drill rigs and support vehicles Will be moved no closer to banks, ditches, and other excavations than 3 feet unless the walliS
supported.

4) Excessive nOise levels will be mitigated through the use of hearing protection.
Any piece of equipment or operation that has the potential to generate excessive nOise levels (i.e., you must raise your vOice to speak to
someone Within two feet of where you are standing) Will reqUire hearing protection until sound level measurements and/or noise dOSimetry
may be conducted to quantify the associated nOise levels.

5) All utility clearances shall be obtained through DIGSAFE prior to subsurface actiVities. The locations of all underground utilities will be
Identified and marked pnor to all subsurface investigations.
- Drill masts, backhoe booms or other projecting devices shall be at least 20 feet from overhead power lines and a minimum of 3 feet

from Identified underground locations.
6) Use machinery or multiple personnel for heavy lifts.

Use proper lifting teChniques.
7) Preview work location for uneven/unstable terrain.
8) Use pinch bars or other equipment to remove hands from the point of operation, when acqulnng samples.
9) TraffiC and equipment consideratiOns are to include the following:

Establish safe zones of approach (Le. Boom + 3 feet).
All equipment shall be equipped With movement waming systems.
All personnel working In high equipment traffiC areas are required to wear reflective vests for high visibility.
Use safety belts and follow the site traffiC rules.

Traffic pattems will be dictated supporting on-site activities. However, regulated pattems In and about the work zones and support thereof
Will be established to safely control the flow patterns of mechanized vehicles and pedestrians.

10) Wear appropnate clothing and PPE. AVOid potential nesting areas and SUSpiCIOUS vegetation (poison ivy, poison oak, etc.). When
feaSible and necessary, use commercially available Insect repellents. Refer to the Health and Safety GUidance Manual for additional
information regarding ticks and Lyme's disease.

11) Wear appropnate clothing for the anticipated weather conditions while maintaining the required level of protection. If necessary,
perform blolOQical monitonnQ.

Chemical hazards

1) PAHs associated with 011

and oil-eontamlnated
soils (Formerly present,
removed 2000)

2) Transfer of
contamination Into clean
areas or onto persons

Physical hazards:

Potential phySical hazards
associated with thiS task
may Include:

1) Strain/muscle pulls from
heavy lifting

2) Pinch/compression
points

3) Uneven or unstable
terrain (slip, tnp, and fall
hazards)

4) Contact/entanglement
With rotating equipment
or machinery

5) Natural hazards
(insect/animal bites and
stings, poisonous plants)

6) Other physical hazards
aSSOCiated With ongoing
operations (foot and
vehicular traffiC)

7) Noise In excess of
85dBA

Dniling/SOII
Bonngs/
MOnltonng Well
Installations
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Chemical hazards:

Physical hazards:

2) Transfer of contamination
into clean areas or onto
persons.

3) Strain/muscle pulls from
heavy lifting

4) Pinch/compression points
5) Uneven or unstable

terrain (slip, trip, and fall
hazards)

6) Natural hazards
(insect/animal bites and
stings, pOIsonous plants,
etc.)

7) Ambient temperature
extremes

- EqUipment drop
Soap/water wash and rinse of outer
gloves and outer boots, as applicable
Soap/water wash and rinse of the
outer splash suit, as applicable
Wash hands and face, leave
contamination reduction zone

Equipment decontamination:

This decontamination procedure for Level
D protection will consist of

All sampling equipment Will undergo a
soap/water wash and rinse utilizing a
suitable potable water source until Visibly
clean.

Sampling equipment may also be high
pressure soap/water wash and rinse or
steam cleaned.

(The italiCized items are optional as conditions
dictate)

Therefore no air monitoring will be required during
this post removal action monitoring.

If conditions do not present as anticipated, then
site operations should be terminated and the
HSO should be contacted.Use machinery or multiple personnel for heavy

lifts. Use proper lifting techniques.

1) Use of PPE to control exposures to potentially
contaminated medias (e.g. water and soils),

2) Restrict the cross use of equipment and supplies
between sampling locations Without first going
through a suitable decontamination.

3,4)

6) Avoid insect/animal nesting areas (Do NOT use insect
repellents during sampling activities). Report
potential hazards to the SSO.

5) Preview work locations for unstable/uneven terrain.

7) Wear appropriate clothing for the anticipated weather
conditions while maintaining the required level of
protection. If necessary, perform biological
monitoring.

Physical hazards:

Chemical hazards: INo volatile contaminants are antiCipated at the site, All sampling activities are anticipated to proceed in a Personnel Decontaminati n - Will
due to the removal action undertaken in 1997-2000, Level D protection, consist of a soap/water wash and rinse for
during which fill and all soil above the water table outer protective equipment (e.g., boots,
was removed from the site and replaced with clean Level D respiratory protection and the following gloves, tyvek coveralls, etc.).
fill. minimum personal protectIVe equipment:

- Standard field dress (Long pants and long or
short sleeve shirts)

- Steel toe/shank work boots
- disposable latex/nitrile glove when sampling
- Safety glasses
- Tyvek coveralls will be worn if there IS a

possibility of soiling work attire
- Impermeable boot covers
- PVC or PE coated Tyvek will be incorporated if

there is a potential for saturation of work attire.

Residual oil and PAHs1)

Multi-media
sampling including
soils (surface and
subsurface);
groundwater; and
Investigative
Derived Waste
(IDW).

Activities such as
water-level
measurements, and
well development
are also involved In

this task.

All chemical decontamination will proceed
in accordance with the other site
documents such as the Work Plan.
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•

TaskslOperati nJ
Anticipated t:tazards Decontamination Procedures

Locati ns Recommended Control Measures Hazard Monitoring Personal Protective Equipment*

Decontamination of Chemical hazards: 1) Use protective eqUipment to minimize contact with site 1) Use visual observation on all For Drill Rigs, etc.: This decontamination procedure for
sampling and heavy

1) PAHs associated with oil
contaminants and hazardous decontamination fluids equipment and/or areas which have

This applle& to high pressure soap/water, steam
Level D protection will consist of

equipment been cleaned and dned to ensure they
and oil contaminated have been properly cleaned of cleaning wash and rinse procedures.
SOils - Have a means by which the eyes and/or skin may be flushed potentially contaminated medias (e.g., - Soap/water wash and rinse of outer

Physical hazards: (Le., emergency eyewash, etc.) readily accessible. air, water, soils).
Level D Minimum requirements -

gloves

2) Strain/muscle pulls from Standard field attire (Long and short sleeve
- Soap/water wash and rinse of the

heavy lifting - outer splash suit, as applicable
- Refer to MSDS for specific decontamination solvents and to shirt; long pants)

3) Pinch/compression determine appropriate PPE and safe handling procedures. Work Boots (Steel toe/shank)
- Wash hands and face and leave

pOints - contamination reduction zone

4) Injuries associated with - Chemical resistant boot covers-
use of a high pressure 2) Use multiple persons where necessary for lifting and handling - Nitrile outer gloves
steam cleaning device heavy pieces of equipment for decontamination purposes.

- PVC Rain suits or PE or PVC coated Tyvek

3) If necessary, provide stacking racks for air drying of - Safety glasses/splash shield

decontaminated equipment to prevent unstable drying stacks of
equipment from collapsing.

For sampling equipment including trowels, split
4) Use required PPE and operate the device in accordance with spoons, bailers, etc.:

manufacturers recommendations.

Level D Minimum requirements -

- Standard field attire (Long and short sleeve
shirt; long pants)

- Work Boots (Steel toe/shank)

- Nitrile gloves

- Safety glasses

In the event of overspray of chemical
decontamination flUids, use PVC Rain suits or PE or
PVC coated Tyvek as necessary.

Respiratory protection is not anticipated for these
activities.
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The following section provides information regarding the chemical and physical hazards associated with

the former Melville North Landfill site and the activities that are to be conducted as part of the scope of

work. Table 6-1 provides information on the most common and significant substances likely to be present

at the site, based on review of available data. Specifically, toxicological information, exposure limits,

symptoms of exposure, physical properties, and air monitoring and sampling data are discussed in the

table. Section 6.1 discusses the contammants that may be present at the site. Section 6 2 lists the

physical hazards that may be present at the site or associated with site activities.

6.1 CHEMICAL HAZARDS

Fuel 011 contamination was historically documented In the soils onsite. Contaminated soils have been

excavated and transported offsite during several removal actions conducted in 1993, 1996, and 2000.

Based on the current site conditions, a potential for a chemical exposure is not anticipated.

6.2 PHYSICAL HAZARDS

The physical hazards that may be present during the performance of site activities are summarized

below.

• Contact/entanglement with rotating equipment or machinery.

• Uneven or unstable terrain (slip, trip, and fall hazards).

• Contact with underground or overhead utilities (electric lines, gas lines, water lines, etc.).

• Strain/muscle pulls from heavy lifting associated with drilling activities.

• Pinch/compressIOn points.

• Noise in excess of 85 decibels (dBA).

• Inclement weather.



TABLE 6-1
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA

HEALTH AND SAFETY PLAN
FORMER MELVILLE NORTH LANDFILL

PORTSMOUTH,RHODEISLAND

Substance CAS No.
Air Monitoring/Sampling Exposure Limits Warning Property Rating Physical Properties Health Hazard Information

Information
General PAHs I Coal (CAS PIO I P of 8 97 Refer to NIOSH General PAHs Adequate - use a full-face Properties of various PAHslCoal Regulated based on effects on
Tar Pitch Volatiles I Numbers eV, relative methods for each air-purifying respirator With Tar Pitch Volatiles vary depending respiratory tract and skin Irritation
Creosote I cresol vary response ratio specific compound Most PAHs have no organic vapor I dusUmlst upon the specific compound. Other effects may Include eye
(Fluoranthene, depending unknown for appropriate air established exposure cartridge up to 250 ppm Irritation and central nervous
pyrene, benzo(a) on speCific sampling protocols limits Other Coal Cresol has an Odor For Creosote/Cresol system, disturbances Acute
anthracene, benzo(a) compound) FlO Response Tar Pitch Volatiles I Threshold of 0 00005- Boiling Pt: 376-397°F, 191-203°C exposures may result In difficulty
pyrene, benzo(f) factor unknown Many PAHs can be PAHs such as 00079 ppm Melting Pt: 52-96°F, 10 9-35 5°C breathing, respiratory failure and
fluoranthene, but given the sampled uSing chrysene and Solubility: Insoluble skin and eye Irritation and burns
benzo(k)f1uoranthene, substances NIOSH Method benzo(a)pyrene have Recommended gloves: Flash Pt: 178°F, 81°C ChroniC exposure may damage

etc) flammability, 5506 or 5515- an exposure limit of Vlton >9600 hrs, butyl LELILFL: Not available the liver, kidneys, lungs and skin
detection by FlO Teflon filter With o2 mg/m3 (OSHA rubber >90 00 hrs, UEUUFL: Not available and cause photosensitivity
can be support ring - High and ACGIH) neoprene >4.50 hrs Vapor Density: 3 72
anticipated pressure liqUid Vapor Pressure: 1 mmHg @ 100- IARC, NTP, NIOSH, ACGIH,

chromatography o1 mg/m3
- (NIOSH) 127°F,38-53°C and the EPA list some PAHs

With UV detector Specific Gravity: 1 030-1 038 such as benzo(a)pyrene as a
Creosote I Cresol: Incompatibilities: NitriC aCid, potential carcinogen (ARC 2A,

For cresol (a major oleum, chlorosulfonlc aCid, NTP-2, ACGIH LTV-A2,
constituent of OSHA, ACGIH OXidizers NIOSH-X, EPA-B2)
creosote) by Silica 5 ppm Appearance and Odor:
gel or xad-7 sorbent NIOSH 23 ppm YellOWish or colorless, flammable,
tube, Acetone Oily liqUid (often brownish because
desorption and IOLH. 80 mg/m3 of ImpUrities or OXidation)
analySIS by gas
chromatography -
flame IOnization
detector or hlgh-
pressure liqUid
chromatography
(NIOSH Method
#2001, or OSHA
Method #32)
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• Ambient temperature extremes (heat or cold stress).

• Natural hazards (insect/animal bites or stings, poisonous plants)

• Other physical hazards associated with ongoing operations (proximity to heavy equipment and

machinery, vehicular traffic, etc.).

These physical hazards are discussed In Table 5-1 as applicable to each site task. Furthermore, many of

these hazards are discussed in detail in Section 4.0 of the Health and Safety Guidance Manual. SpeCific

discussion on some of these hazards is presented below.

6.2.1 Contact with Underground or Overhead Utilities

Clearance of underground and overhead utilities must be coordinated through DIGSAFE. All project

staff should be aware that areas where wells are planned to be installed were excavated to a depth of

between 8 and 10 feet below ground surface In 2000. There are no overhead utilities In proposed well

locations.

6.2.2 Ambient Temperature Extremes

Ambient temperature extremes (heat or cold stress) may exist during performance of this work

depending on the project schedule. Work performed when temperatures are below 50°F may result in

varying levels of cold stress (frost nip, frost bite, etc) depending on environmental factors such as

temperature, wind speed, and humidity; psychological factors such as metabolic rate and moisture

content of the skin, and other factors such as the protective clothing being worn Work performed when

ambient temperatures exceed 70 of may result in varying levels of heat stress (heat rash, heat cramps,

heat exhaustion, and/or heat stroke) depending on factors similar to those presented for cold stress.

For more information concerning the effect and controls for cold and heat stress, see Section 4.0 of the

Health and Safety GUidance Manual.

6.2.3 Natural Hazards

Given that proposed work will be conducted outdoors and in brush, marsh, and other natural areas,

vanous animals, insects, or poisonous plants Indigenous to the area may be encountered. During warm

months (spnng through early fall), tick-borne Lyme Disease may be a potential health hazard in the

region. Specific information on Lyme Disease is included in Section 4.0 of the Health and Safety

Guidance Manual In general, avoidance of areas of known insect infestation or poisonous plant growth
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will be the preferred exposure control. In addition, mdivlduals with known allergic reactions to insect

bites and poisonous plants should notify SSO prior to engaging in activities where these hazards may be

encountered.
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Based on the expected contaminants listed in Table 6-1 and the behavior of these contaminants in the,

environment, airborne exposures are not anticipated for the work to be performed. Therefore, air

monitoring is not required for this proJect. However, air monitoring instruments will be maintained on site

for screening of soil cuttings and samples collected (FID and PID). If conditions are encountered that

would indicate volatile organic compounds may be present In the breathing zone (Le. odors or heavily

stained soils, sheens etc.), this HASP shall be modified to include ambient air and breathing zone

mOnitoring.
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8.1 INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING

This section is mcluded to specify health and safety training and medical surveillance requirements for

both TtNUS and subcontractor personnel participating in site activities

8.1.1 Requirements for TtNUS Personnel

All TtNUS personnel must complete 40 hours of mtroductory hazardous waste site training prior to

performing work at the site. Additionally, TtNUS personnel who have had mtroductory training more than

12 months prior to site work must have completed 8 hours of refresher training within the past 12 months

before they can be cleared for site work. In addition, 8-hour supervisory training in accordance with 29

CFR 191 0.120(e)(4) will be required for site supervisory personnel.

Documentation of TtNUS introductory, supervisory and refresher trainmg as well as site-specific training

will be maintained at the TtNUS Wilmington office. Copies of certificates or other offiCial documentation

will be used to fulfill this requirement.

TtNUS will also conduct a brief meeting daily to discuss operations planned for that day. At the end of

the workday, a short meeting will be held to discuss the operations completed and any problems

encountered.

8.1.2 Requirements for Subcontractors

All TtNUS subcontractor personnel must have completed the 40-Hour introductory hazardous waste site

training or equivalent work experience as defmed m OSHA Standard 29 CFR 191 0.120(e) and 8 hours of

refresher training meeting the requirements of 29 CFR 1910.120(e)(8) prior to performing field work at

the site. TtNUS subcontractors must certify that each employee has had such traming by sending TtNUS

a letter, on company letterhead, containing the information in the example letter shown in Figure 8-1 and

by providing copies of certificates for all subcontractor personnel participating in site activities.
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8.2 SITE-5PECIFIC TRAINING

TtNUS will provide site-specific training to all TtNUS employees and subcontractor personnel who will

perform intrusive work on this project. Site-specific training will also be provided to all personnel (Navy,

etc.) who may enter the site to perform functions that may be directly related to site operations. Site

specific training will include:

• Names of designated personnel and alternates responsible for site safety and health

• Safety, health, and other hazards present on site

• Use of personal protective equipment

• Work practices to minimize risks from hazards

• Safe use of engineering controls and equipment

• Medical surveillance requirements

• Signs and symptoms of overexposure

• Contents of the Health and Safety Plan

• Emergency response procedures (evacuation and assembly points)

• Spill response procedures

Review of the contents of relevant Material Safety Data Sheets

Site-specific documentation will be verified through the use of Figure 8-2. All site personnel and visitors

must sign this document upon receiving site-specific training.

8.3

8.3.1

MEDICAL SURVEILLANCE

Medical Surveillance Requirements for TtNUS Personnel

All TtNUS personnel participating in project field activities will have had a physical examination meeting

the requirements of TtNUS's medical surveillance program and will be medically qualified to perform

hazardous waste site work using respiratory protection.

Documentation for medical clearances will be maintained in the TtNUS Wilmington office and made

available, as necessary.
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The following statements must be typed on company letterhead and signed by an officer of the company
and accompanied by copies of personnel training certificates:

LOGO
XYZ CORPORATION
555 E. 5th Street
Nowheresville, Kansas 55555

Month, day, year

Mr. Stephen Parker
Project Manager
TtNUS
55 Jonspin Road
Wilmington, MA 01887

Subject: HAZWOPER Training

Dear Mr. Parker:

As an officer of XYZ Corporation, I hereby state that I am aware of the potentially hazardous nature of
the subject project. I also understand that it is our responsibility to comply with all applicable
occupational safety and health regulations, including those stipulated in Title 29 of the Code of Federal
Regulations (CFR), Parts 1900 through 1910 and Part 126.

I also understand that Title 29 CFR 1910.120, entitled "Hazardous Waste Operations and Emergency
Response," requires an appropriate level of training for certain employees engaged in hazardous waste
operations. In this regard, I hereby state that the following employees have had 40 hours of introductory
hazardous waste site training or equivalent work experience as requested by 29 CFR 1910.120(e) and
have had 8 hours of refresher training as applicable and as required by 29 CFR 191 0.120(e)(8) I further
state that site supervisory personnel have had training in accordance with 29 CFR 191 0.120(e)(4).

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE.

Should you have any questions, please contact me at (555) 555-5555.

Sincerely,

(Name and Title of Company Officer)
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My signature below indicates that I am aware of the potentially hazardous nature of performing site
activities at the Former Melville North Landfill in Portsmouth, Rhode Island and that I have received site
specific training which included the elements presented below:

• Names of designated personnel and alternates responsible for site safety and health
• Safety, health, and other hazards present on-site
• Use of personal protective equipment
• Work practices to minimize risks from hazards
• Safe use of engineering controls and equipment
• Medical surveillance requirements
• Signs and symptoms of overexposure
• Contents of the Health and Safety Plan
• Emergency response procedures (evacuation and assembly points)
• Spill response procedures
• Review of contents of relevant Material Safety Data Sheets

I further state that I have been given the opportunity to ask questions and that all of my questions have
been answered to my satisfaction.

Name (Print Clearly) Signature Date
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8.3.2 Medical Surveillance Requirements for Subcontractors

Subcontractors are required to obtain a certificate of their ability to perform hazardous waste site work

and to wear respiratory protection. The "Subcontractor Medical Approval Form" provided in Figure 8-3

shall be used to satisfy this requirement, provided it is properly completed and signed by a licensed

physician.

Subcontractors who have a company medical surveillance program meeting the requirements of

paragraph (f) of OSHA 29 CFR 1910 120 can substitute the "Subcontractor Medical Approval Form" with

a letter, on company letterhead, containing all of the information in the example letter presented in

Figure 8-4 of this HASP.

8.3.3 Requirements for All Field Personnel

Each field team member entering the exclusion zone(s) shall be required to complete and submit a copy

of the Medical Data Sheet presented in Section 7 of the Health and Safety Guidance Manual. This shall

be provided to the SSO, prior to participating in site activities. The purpose of this document is to

provide site personnel and emergency responders with additional information that may be necessary in

order to administer medical attention.

8.4 SUBCONTRACTOR EXCEPTIONS

Subcontractors who will not enter the contamination reduction and exclusion zone during operation and

whose activities Involve no potential for exposure to site contaminants will not be required to meet the

requirements for training/medical surveillance other than site-specific training as stipulated in Section

8.2
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For employees of _
Company Name

Participant Name: Date of Exam: _

The above-named individual has:

1. Undergone a physical examination in accordance with OSHA Standard 29 CFR
1910.120, paragraph (f), and was found to be medically -

( ) qualified to perform work at the site

( ) not qualified to perform work at the site
and,

2. Undergone a physical examination in accordance with OSHA 29 CFR 191 0.134(b)(1 0)
and was found to be medically -

( ) qualified to wear respiratory protection

( ) not qualified to wear respiratory protection

My evaluation has been based on the following information, as provided to me by the employer.

( ) A copy of OSHA Standard 29 CFR 1910.120 and appendices.

( ) A description of the employee's duties as they relate to the employee's
exposures.

( ) A list of known/suspected contaminants and their concentrations (if
known)

( ) A description of any personal protective equipment used or to be
used.

( ) Information from previous medical examinations of the employee that is not
readily available to the examining physician.

I, --------:---:----' have examined _
Physician's Name (pnnt) Participant's Name (print)

and have determined the following information'
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1. Results of the medical examination and tests (excluding finding or diagnoses unrelated to
occupational exposure):

2. Any detected medical conditions which would place the employee at increased risk of material
impairment of the employee's health:

3 Recommended limitations upon the employee's assigned work:

,/

I have informed this participant of the results of this medical examination and any medical conditions
which require further examination of treatment.

Based on the information provided to me, and in view of the activities and hazard potentials involved at
the site, this participant

( ) may
( ) may not

perform his/her assigned task.

Physician's Signature _

Address _

Phone Number _

NOTE. Copies of test results are maintained and available at:

Address



Health and Safety Plan
Former Melville North Landfill
May 2003
W5203285

FIGURE 8-4

MEDICAL SURVEILLANCE LETTER

Section 8
RevIsion 0

Page 8 of 8
eTa 842

The following statements must be typed on company letterhead and signed by an officer of the company'

LOGO
XYZ CORPORATION
555 E. 5th Street
Nowheresville, Kansas 55555

Month, day, year

Mr. Stephen Parker
Project Manager
TtNUS
55 Jonspin Road
Wilmington, MA 01887

Subject: Medical Surveillance

Dear Mr. Parker.

As an officer of XYZ Corporation, I hereby state that the persons listed below have participated in a
medical surveillance program meeting the requirements contained in paragraph (f) of Title 29 of the
Code of Federal Regulations (CFR), Part 1910.120, entitled "Hazardous Waste Operations and
Emergency Response: Final Rule." I further state that the persons listed below have had physical
examinations under this program within the past 12 months and that they have been cleared, by a
licensed physician, to perform hazardous waste site work and to wear posltive- and negative-pressure
respiratory protection. I also state that, to my knowledge, no person listed below has any medical
restriction that would preclude him/her from working at the site.

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE.

Should you have any questions, please contact me at (555) 555-5555.

Sincerely,

(Name and Title of Company Officer)
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9.1 SCOPE AND APPLICATION

It is anticipated that quantities of bulk potentially hazardous materials (in amounts of approximately

55-gallons) will be handled during some of the site activities conducted as part of the scope of work.

Significant quantities of waste water (decontamination, purge and development) and Investigative

Derived Wastes (lOW) may be generated as part of site activities It is not anticipated, however, that

spillage of these materials would constitute a significant danger to human health or the environment.

Furthermore, it is possible that as the job progresses, that disposable PPE and other non-reusable items

may be generated. Temporary storage containers will be used to contain waste waters, lOW, and other

unwanted items generated during investigation activities. These containers will be labeled with the site

name, source, description of contents and the date the container was filled. If needed, samples will be

collected and analyzed to characterize the material and determine appropriate disposal measures. Once

characterized, the waste can be removed from the staging area and disposed of in accordance with

Federal, State and local regulations.

9.2 POTENTIAL SPILL AREAS

Potential spill areas will be monitored in an ongoing attempt to prevent and control further potential

contamination of the environment. Currently, there are various areas vulnerable to this hazard including

the areas used for central staging and decontamination activities. Additionally, areas designated for

handling, loading, and unloading of potentially contaminated soils, waters, and debris present limited

potential for leaks or spills.

9.2.1 Site Drums/Containers

All drums/containers used for containing soils and liquids will be sealed, labeled, and staged within a

centralized area awaiting shipment or disposal.

9.3 LEAK AND SPILL DETECTION

To establish an early detection of potential spills or leaks, a penodic walk around by the SSO will be

conducted dunng working hours to visually determine that containers are not leaking. If a leak is

detected, the first approach will be to transfer the container contents (using a hand pump) into a new

container. Other provisions for the transfer of container contents will be made and the appropriate
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emergency contacts will be notified, if necessary. In most instances, leaks Will be collected and

contained using absorbents such as Oil-dry, vermiculite, or sand, which will be stored at the staging area

in a conspicuously marked drum. This matenal Will also be containerized for disposal pending analyses

All Inspections will be documented in the Project Logbook.

9.4 PERSONNEL TRAINING AND SPILL PREVENTION

All personnel will be Instructed on the procedures for spill prevention, containment and collection of

hazardous materials in the site-specific training. The FOL and/or the SSO will serve as the Spill

Response Coordinator for this operation should the need arise.

9.5 SPILL PREVENTION AND CONTAINMENT EQUIPMENT

The following represents the minimum equipment which will be maintained at the staging area at all

times for the purpose of supporting this Spill Prevention/Containment Program.

• Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry);

• Drums (55-gallon U.S. DOT 17-E or 17-H)

• Portable storage tanks (if necessary)

• Shovels, rakes, and brooms

• Hand operated drum pump with hose

• Labels

9.6 SPILL CONTROL PLAN

This section describes the procedures the TtNUS field crew members will employ upon the detection of a

spill or leak.

1) Notify the SSO or FOL immediately upon the detection of a leak or spill.

2) Employ personnel protective equipment stored at the staging area. Take immediate actions to

stop the leak or spill by plugging or patching the drum or raising the leak to the highest POint.

Spread the absorbent material in the area of the spill covering completely.

3) Transfer the matenal to a new container, collect and containerize the absorbent material. Label

the new container appropnately. Await analyses for treatment or disposal options.
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4) Solid spills will be recontainerized with 2-inches of top cover and will await test results for

treatment or disposal options.

It is not anticipated that a spill will occur In which the field crews cannot handle. Should this occur

notification of appropriate emergency response agencies will be carried out by the FOL or SSO.



Health and Safety Plan
Former Melville North Landfill
May 2003
W5203285

10.0 SITE CONTROL

Section 10
RevIsion 0

Page 1 of 4
eTO 842

This section outlines the means by which TtNUS will delmeate work zones and use these work zones in

conjunction with decontamination procedures in order to prevent the spread of contaminants into

previously unaffected areas of the site. It is anticipated that a three-zone approach will be used during

work at this site. This three zone approach will utilize an exclusion zone, a contamination reduction

zone, and a support zone. It is also anticipated that this control measure will be used to control access to

site work areas. Use of such controls will restrict the general public, minimize the potential for the spread

of contaminants and protect indiViduals who are not cleared to enter work areas.

10.1 EXCLUSION ZONE

The exclusion zone will be considered the area of the site where drilling or groundwater sampling is

performed. Access to Within 25 feet of drilling operations should be restricted

10.1.1 Exclusion Zone Clearance

Prior to the initiation of site actiVities, utility locations will be identified by utility companies contacted

through DIGSAFE. The positions of identified utilities will be field located and staked to minimize the

potential for damage during intrusive activities. Sample locations can be located to avoid buried utilities.

In the event that a utility is struck dUring a subsurface investigative activity, the emergency numbers

provided in Table 2-1 will be notified.

Access to work areas will be controlled by TtNUS personnel. No personnel will be permitted to enter site

exclusion zones without site-specific training.

10.2 CONTAMINATION REDUCTION ZONE

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area

of the site where contamination is not suspected. The personnel and/or equipment decontamination will

take place in this area at a central location to facilitate and support field activities. When applicable, this

area will be delineated using barrier tape, cones and/or drive poles, and postings to inform and direct

facility personnel.
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10.3 SUPPORT ZONE

The support zone for this project will Include a staging area where a trailer and/or site vehicles will be

parked, equipment will be unloaded, and where food and dnnk containers will be maintained. In all

cases, the support zones will be established at areas of the site where exposure to site contaminants

would not be expected during normal working conditions or foreseeable emergencies.

10.4 SITE VISITORS

Site visitors for the purpose of this document are Identified as representing the following groups of

individuals:

• Personnel invited to observe or participate in operations by TtNUS

• Regulatory personnel

• Other authorized visitors

All personnel working on this project are required to gain initial access to the site by coordinating with the

TtNUS FOl or designee and following established site access procedures.

Once access to the site is obtained, all personnel who require site access into areas of ongoing

operations will be required to obtain permission from the FOl and SSO. Upon gaining access to the site,

all site visitors interested in observing operations in progress will be escorted by a TtNUS representative

(arranged for by the FOl) and shall be required to meet the following minimum requirements:

• All site visitors will be routed to the FOl, who will sign them Into the field logbook. Information to

be recorded in the logbook will include the individual's name (proper identification required), the

entity which they represent, and the purpose of the visit.

• All site visitors will be reqUired to produce the necessary information supporting clearance to the

site. This shall include information attesting to applicable training (40-hours of HAZWOPER

training) and medical surveillance as stipulated in Section 8 0 of this document. In addition, to

enter the site operational zones during planned activities, all visitors will be required to first go

through site-specific training covering the topics stipulated in Section 8.2 of this HASP

Once the site visitors have completed the above items, they will be permitted to enter the operational

zone. All visitors are required to observe the protective equipment and site restrictions in effect at the
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site at the time of their visit. Any and all visitors not meeting the requirements stipulated in this plan will

not be permitted to enter the site operational zones during planned activities. Any incidence of

unauthorized site visitation will cause the termination of all on-site activities until the unauthorized visitor

is removed from the premises. Removal of unauthorized visitors will be accomplished with support from

the FOL or SSO.

10.5 SITE SECURITY

Site security will be the responsibilities of TtNUS and their subcontractor personnel as necessary. TtNUS

will retain control over active operational areas. The first line of security consists of site safety cones or

determined distances that restrict the general public. The second line of security will take place at the

work site referring interested parties to the FOL. The FOL will serve as a focal point for site personnel,

and will serve and the final line of security and the primary enforcement contact.

10.6 SITE MAP

Once the areas of contamination, access routes, utilities, topography, and evacuation routes are

determined, a site map will be generated and adjusted as site conditions change. These maps will show

utility locations, potential points of contact with the public, roadways, and other significant characteristics

that may imp.act site operations and safety. A site map to the hospital Will also be provided

10.7 BUDDY SYSTEM

Personnel engaged in on-site activities will practice the "buddy system" to ensu're the safety of all

personnel Involved in this operation.

10.8 MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS

TtNUS and subcontractor personnel Will proVide MSDSs for all chemicals brought on-site. The contents

of these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any

actual use or applicatIOn of the substances on site. A chemical inventory of all chemicals used on site

Will be developed using Figure 1 (Section 5) of the Health and Safety Guidance Manual. The MSDSs

will then be maintained in a central location and will be available for anyone to review upon request.
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10.9 COMMUNICATION

If personnel are not working in proximity to one another during field activities, a supported means of

communication between field crews may be necessary. As a result, two-way radio communication

devices may be used by field personnel while at the site.

External communication will be accomplished by using provided telephones (e.g. cellular phone) at the

site.
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It IS not anticipated, under the proposed scope of work, that permit-required confined space activities will

be conducted. Therefore, personnel under the provisions of this HASP are not allowed, under any

circumstances, to enter confined spaces. A confined space is defined as an area which has one or

more of the following characteristics:

• Is large enough and so configured that an employee can bodily enter and perform assigned work.

• Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins,

hoppers, vaults, and pits are spaces that may have limited means of entry).

• Is not designed for continuous employee occupancy.

A Permit-Required Confined Space is one that:

• Contains or has a potential to contain a hazardous atmosphere.

• Contains a material that has the potential to engulf an entrant.

• Has an Internal configuration such that an entrant could be trapped or asphyxiated by inwardly

converging walls or by a floor which slopes downward and tapers to a smaller cross-section.

• Contains any other recognized and serious safety or health hazard.

For further information on confined space, consult the Health and Safety Guidance Manual or call the

SSO. If confined space operations are to be performed as part of the scope of work, detailed procedures

and training reqUirements will have to be addressed.
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The TtNUS FOL shall ensure the following matenals/documents are taken to the project site and used

when required.

• A complete copy of this HASP

• Health and Safety Guidance Manual

• Incident Reports

• Medical Data Sheets

• Material Safety Data Sheets for all chemicals brought on-site, including decon solutions, fuels,

lime, sample preservatives, calibration gases, etc.

• Follow-up Reports

• A full-size OSHA Job Safety and Health Poster (posted in the site trailers)

• Training/Medical Surveillance Documentation Form (Blank)

• First-Aid Supply Usage Form

• Emergency Reference Form (TtNUS H & S Guidance Manual, Section 2.0, extra copy for

posting)

12.1 MATERIALS TO BE POSTED AT THE SITE

The following documentation is to be posted at the site for quick reference purposes. In situations where

posting of these documents is not feasible, these documents should be separated and Immediately

accessible.

Chemical Inventory Listing - This list represents all chemicals brought on site, including

decontamination solutions, sample preservatives, fuel, calibration gases, etc. This list should be posted

in a central area.
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Material Safety Data Sheets (MSDSs) - The MSDSs should also be in a central area accessible to all

site personnel. These docume'nts should match all the listings on the chemical inventory list for all

substances employed on site. It is acceptable to have these documents within a central folder and the

chemical Inventory as the table of contents.

The OSHA Job Safety & Health Protection Poster - This poster, as directed by 29 CFR 1903.2 (a)(1),

should be conspicuously posted in places where notices to employees are normally posted. Each FOL

shall ensure that this poster is not defaced, altered, or covered by other material.

Site Clearance Posting - This list is found within the training section of the HASP (See Figure 8-1).

This list Identifies all site personnel, dates of training (including site-specific training), and medical

surveillance. This list indicates not only clearance but also status. If personnel do not meet these

requirements, they do not enter the site while site personnel are engaged In activities.

Emergency Phone Numbers and Directions to the Hospital(s) - This list of numbers and the

directions will be maintained at all phone communications points and in each site vehicle.

Medical Data Sheets/Cards - Medical Data Sheets will be filled out by all on-site personnel and filed in

a central location. The Medical Data Sheet will accompany any injury or Illness requiring medical

attention to the medical facility. A copy of this sheet or a wallet card will be given to all personnel to be

carried on their person.

Placards and Labels - Chemical inventones that have been separated, because of quantities and

Incompatibilities, will be conspicuously marked using Department of Transportation (DOn placards and

acceptable [Hazard Communication 29 CFR 1910 1200 (f)]labels.

TtNUS Health and Safety Guidance Manual - This document contains supporting information

pertaining to procedures detailed in the HASP as well as TtNUS standard operating procedures.

Work Plan Addendum No.9 - This document presents the scope of work and field activities planned

onsite and addressed by this HASP.


	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES

	INTRODUCTION
	BACKGROUND INFORMATION
	SAMPLING AND ANALYSIS PLAN
	QUALITY ASSURANCE PROJECT PLAN
	REPORTING
	APPENDICES
	APPENDIX A FIELD DOCUMENTATION FORMS
	APPENDIX B TETRA TECH NUS, INC. STANDARD OPERATING PROCEDURES
	APPENDIX C HEALTH AND SAFETY PLAN


